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IKTRODUCTIOH 
areas of sloping land in southern Iowa have been so seriously 
eroded that the problem of their revegetation goes beyond the mere urilsh 
and atten^t to establish a plant cover. For these lands, the increase in 
soil acidity and the loss of topsoil with its consequent depletion of 
organic matter and of mineral plant nutrients have been so great that the 
number of plant species vhich now can be established without expensive and 
laborious soil treatment is limited. 
If the region were not at this time rather thickly settled® proper 
land-use would imply reversion of all hilly land to native timber or to 
pasture. However, such a change would iiwolve either a further lowering 
of the average farm income or the necessary exodus of a substajitial part 
of the present population to permit large-scale stock-raising on a profita­
ble basis by the remaining farmers. Neither of these courses is socially 
desirable. The alternative handling of the area for a reasonably success­
ful agriculture will involve the use, and improvement where practicable, of 
the land by its present occupants, many of whom are tenants. This can be 
accomplished by the utilization on the majority of farms of contour-planted 
hilloulture fruit, nut and other crops of high economic value. The addi­
tional cash income from these hillside row crops will provide the incentive 
for the retirement of much hilly land from ordinary cultivation. However, 
their culture will require supplementary inter-row cover crops which may 
or may not have values in addition to their qualities of soil- and water-
conservation. 
One of the sub-projects in the cooperative research being conducted by 
the Soil Conservation Service of the United States Department of Agriculture 
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and the lovra Agricultural Experiment Station at the Hillculture Experi­
mental Pam near Floris* lovsa* has been oonosmed -sudth detailed ecological 
studies of these cover plants. Particular problems studied have included 
the selection of the best adapted species, the most successful means of 
their establishment, and the con^jarative qualities of the mature species 
in soil- and vrater-conservation. In all of this -work it has been assumed 
that although it is possible through unaided natural successional stages 
eventually to obtain a satisfactory soil-conserving plant cover* this is 
an unnecessarily slow process involving meantime the loss of considerable 
soil and a greatly extended period of \mproductivity of the land. It is 
knoiwn that a clear understanding of these successional stages and of the 
habitat factors associated vdth each stage can be used for an acceleration 
of the return of this eroded land to profitable use b^ond that possible 
by natural succession. 
Much can be learned of the adaptation of useful plants to particular 
areas by large-scale observational plantings of the various species. 
There are obvious limitations to this method, however, aM there can be no 
really thoroughgoing measurement of plant response which does not include 
both a careful study of the major environmental factors of soil and of 
microclimate and an evaluation of the relative inportance of each of these 
factors in determining the predictable possibility of successful establish­
ment of the same species on similar sites elsewhere. 
It has been attempted in this investigation to measure the qualitative 
and quantitative differences in response of a rather large selection of 
leguminous species to sites varying greatly in quali-ty of soil and differ­
ing somewhat also in microclimate. From this selection it was hoped to 
find certain plants "wftiich combine three not necessarily inconsistent 
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qualities. These are (l) adaptability to a -vd-de range of soil conditions* 
(2) agronomic values in soil- and water-conservation and soil iraprovement# 
and (3) forage worth. Only the first of these has been investigated in­
tensively in these experiments. The -wide scope of the studies in the field 
has prevented any considerable ej^erimental control of habitat factors. 
However, the experiments have been designed throughout to permit statisti­
cal measurement and analysis of factors otherwise difficult of interpreta­
tion. Certain results of the investigation are suggestive of further and 
more intensive research. This is particularly true of the determisation 
of the relative values in soil- and water-conservation of the well-estab­
lished plants of the various species and their comparative qualities in 
soil ajcqorovement. 
RBVIBW OF PERTINBKT LITERATURE 
Beview of more than a very few of the most pertinent papers of the 
voluminous literature on plant and habitat interrelationships in legumi­
nous plants is not here feasible. The particular papers chosen for cita­
tion vrill indicate the trends in investigation and thought during recent 
years and their relation to the earlier -work which gave them impetus. 
Since early times* agriculturists have studied the manifold problans of 
nutrition of legumes under field conditions. Almost countless greenhouse 
and laboratory investigations of nitrogen-fixation and other aspects of 
legume nutrition more recently have supplemented the field studies. From 
this maze of infom^ation, some of it contradictory* have come certain 
definite conclusions -which are of extreme value to the culture of legumes 
as well as of other plants. 
To the raaiay difficulties always inherent in controlled experiments* 
quantitative field studies have added the manifest problems of soil 
heterogeneity and, more recently recognized, microclimate. Without tha 
concurrent development of statistical methods for measurement and inter­
pretation of variation, the modem trend toward greater refinement in 
analysis of plant response, both with crops and with native vegetation# 
Twould have been difficult if not iiipossible. However, the crop ecologist 
who has adopted the developed methods of the agronomist, the plant physi­
ologist and the statistician, as well as of his own field, has access to 
information until recently denied him. 
Ho clearer statement of the general interrelations between plants 
and their habitat has been given than that of Shantz (81) who recognized 
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as early as 1911 that 
a strict correlation of vegetation with the physical or chemical 
nature of the soil is possible only vjhen all other conditions 
of the habitat are con^aratively uniform. "When the climatic con­
ditions and the physical condition (texture# water content, etc.) 
of the soil are uniform we should be able to correlate variation 
in the vegetation with differences in the chemical nature of the 
soil} on the other hand» viien the climatic conditions and the 
chemical conqjosition of the soil are uniform, the differences 
observed in the vegetation are probably due to inequalities in 
the physical nature of the soil. Variations, either physical or 
chemical, are of greatest in^jortance when they approach the limit 
of favorable conditions. A correlation between vegetation and 
either the chemical or pl^sieal nature of the soil can be ex­
pected to apply only over a limited area where the other condi­
tions are practically uniform. 
In one of the few investigations in which really quantitative measure­
ment and analysis of plant response to enviromnental differences have been 
atten^ted, Kittredge (49) found increasingly closer correlation between 
site quality and plant response as he added to the number of habitat fac­
tors measured. Kittredge based his habitat classifications upon soils, 
assuming that the climate of the region (northern Minnesota and Wisconsin) 
and the local atmospheric variations were sufficiently uniform to permit 
measurement of the climatic differences by variations in the soil proper­
ties in which they were reflected. He concluded that the local topo­
graphic pattern was not such as to cause noticeable differences in vegeta­
tion because of slope variation. The generally uniform topographic 
pattern of the region Kittredge studied gives greater justification to 
this assuD^tion than would be true in areas v/here microclimate is more 
largely affected by local differences in direction and degree of slope. 
Kittredge»s results are not directly relevant to this study, but he gives 
thonsugh support to his generally applicable conclusion that neither 
pl^sical or biological classifications of habitat can be expected always 
to differentiate site qualities which are otherwise distinct for a single 
. -6-
species. 
Relations of Legumes to pH and to Available Nutrients 
In a plant family as large as the Leguminosae* it is to be eapeoted 
that species adapted to a mde irange of conditions -would be found. This 
is largely true, although the narrow range of fertility and calcim re-
quireiRsnts of most of our cultivated Isgumes indicates the contrary con­
clusion. Coville (26) •was perhaps the first to give comprehensive consid­
eration to the subject of "acid-tolerant" legumes. Pointing out in 1913 
that coispeas and hairy vetch have green -manuring values on acid soils 
equal to that of red clover on soils of higher pH* and that crimson clovecf 
soybeans, lupine and serradella are also useful under cei^in conditions, 
he stated his desire to "iijjpress on agricultural investigators (1) that 
soil acidi-ty is not alv;ays an objectionable condition that invariably re­
quires an application of lime, (2) that under certain econoxnic conditions 
a con^lete system of acid-land agriculture is practicable and desirable, 
and (S) that "the extent to -which our cheap eastern acid lands can be 
utilized -tfith small applications of lime or under some conditions -without 
its use is a legitimate and important subject for detailed investigation, 
from -which mas'- reasonably be expected results of far-reaching economic 
importance." !tot greatly different is the complaint, 29 years later in 
1942, of Albrecht and Schroeder (8) that "almost legion are the determi­
nations of the pH of the soil to leave the inference that a significant 
degree of soil acidi-ty is associated -with lo-w productivity. Application 
of limestone for l^drogea-ion removal from the soils in the humid region 
has become so general as a farm practice that it is approaching a 
crusade against soil acidi-fcy." 
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In. 1915, two years after Coville's paper, ®iite (96) concluded that 
the •vvid© rQcognition of the sorrel (Ruiaex aoetosella L.) as an indicator 
of acid sites, to which persons thought it v/as limited, -sJas mis­
leading, since e:!q>erim©ntal sorrel pljints not only mad© their greatest 
growth on an alkaline soil, if competition with clover \ms prevented, but 
had a 90 percent higher calcium content than did sorrel groim on an acid 
soil. The sorrel -was easily replaced by clover -with the addition of 
limestone to the soilt. lie attributed the frequent occurrence of sorrel on 
acid soils, not to "prsfsronce" for such sites, but to better adaptation 
to acid conditions than was had by competitive plants. 
The conspicuous role played by legumiaous plants in nature in raising 
the level of fertility of originally poor soils or in rebuilding abandoned 
soils damaged by accelerated erosion or other agricultural misuse has not 
been sufficiently appreciated. Although this same quality is widely 
utilized in cultivated legumes, few have atten5)ted to measure its inpor-
tance in nature. Campbell (22) found in Indiana and th© Southeast that ttee 
percentage of ydld legumes in the native vegetation of iji^joverished soils 
is comparatively high, decreasing with an increase in total soil nitrogen. 
His studies showed sweetclover in the north and the lespedezas in the 
> 
south to b© th© leading legumes in revegetating bare areas. Martin (58) 
has ascribed a similar role to Strophostyles helvola (L.) Britton, the 
tangle mealybean, on eroded areas in the middle west. Another legume often 
occurring in almost pur© stands on acid infertile soils is the partridge-
C&ssia fasciculata Michx. 
The relation of soil acidity to the natural distribution of non-crop 
plants has been studied by numerous Merioan and English investigators, 
including Cain (21), Geisler (36), Kurz (51), Mann (57), Salisbuiy (77, 
78, 79) and TrJherry (95) who wrote th© classical paper on the subject. 
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The extensive continental European literature on this subject is thor­
oughly sunnnarizsd in tho monograph of Mevius (63). All of the American 
•workers with the exception of Miss Geisler found evidence both of con­
siderable soil-acidity control of vegetation patterns and of succession 
of one type of vegetation by a more "acid-tolerant" type as a result of 
the tendency of soils in a humid climate to become progressively more 
acid. However, Kurz (51) noting that it is difficult in nature to find 
marked changes in pH which are not associated also with drastic changes in 
physical, chemical and biological differences in soil, has concluded that 
the difficulty in measuring these other factors and reducing them to oom-
ffion denominators has resulted in minimization of their influence and the 
assignment of a false supremacy to pH« This point of view is gaining in­
creasing support, particularly since it is in greater accord with experi­
mental findings. 
The haranaful effects often attributed to low pH are being allocated 
more and more to other soil properties which commonly occur simultaneously. 
On© of these is increased solubility of toxic quantities of aluminum. 
lJum.erou6 examples of aluminum, toxicity at low pH have been observed since 
Eartwell ^  al. (41) in 1919 showed that the supposed greater acid-
tolerance of rye seedlings than of barley seedlings was due to greater 
susceptibility to aluminum toxicity in the barley. 
The soil property concomitant with low pH which has been most fre­
quently suggested as the cause of poor response of legumes to acidity is 
the deficiency of calcium as a nutrient element. This calcium deficiency 
is harmful in the nutrition both of the plant and of the root-nodule 
bacteria. Albrecht (4) found limed soybeans more able than unlimed to 
absorb nitrogen even in the absence of nodules. IcCalla (59) observed 
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that low exchangeable calcium resulted both in greatly reduced rhizobial 
populations and in abnormal bacteria unable to invade the plant. In soy-
beansy Albrecht (3) found calcium to be two and one-half times more sig-
nific^t in growth and one and one-half times as influential in nodule 
ntcnbers as was the pH. 
The pre-eminent importance of calcium among the cations essential to 
legume nutrition has now been rather well established by Albrecht (6) 
and his co-workers. Albrecht points out that one basic principle in the 
modem concept of the specific importance of calcium in plant nutrition 
was established in 1921 by Tnie (90) who demonstrated the necessity of a 
minimal amount of calcium for the noraal absorption of other ions. The 
degree of calcium saturation of the mineral colloid fraction of the soil 
has been shovsn by Homer (44) to be dominant even in the development of 
"acid tolerant" soybeans. The similar importance of the organic colloid 
fraction in mobilizing calcium and other nutrient XOIB is now suggested by 
Albrecht (7). The primary conclusion to be drawn from all of this -sjork 
appears to be that pH differences are not in themselves controlling of 
plant response, but that the nutrition of leguminous plants in particular 
is governed largely by the soil base exchange properties, especially of 
the exchangeable calcium. 
Albrecht (5) has even proposed the interesting hypothesis that the 
ecological array of plants is dependent upon the predominance of either 
exchangeable potassium or exchangeable calcium, phosphorus being assumed 
to be a fairly uniform and non-controlling level. He classified vegeta­
tion into two chief groups, proteinaceous and carbonaceous, placing most 
of the cultivated legumes in the proteinaceous group. Ihen calcium domi­
nates in the soil nutrient supply, proteinaceous plants are presumed to 
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be jnore conffiioii. VShen potassiiim is relatively dorainant becsause of the 
exhaustion of calcium, the more carbonaceous, or high carbohydrate, 
vegetation prevails. If this hypothetical relation is tenable, it is to 
be expected that plants adapted to soils of low calciiim supply, and 
usually also of low pH, will be species which normally have high ratios 
of carbohydrate to protein production, or which are most readily trans­
formed into this sort of metabolism if available calcium is low. 
Numerous investigators have used the content of the various nutrient 
elements in particular plants to determine the requirements of those ele­
ments by the plants# This method has come into sons disrepute because of 
its uncritical use by some •vsorkers, and by the failure of others to give 
sufficient consideration to the climatic, physiological and edaphic fac­
tors which might have modified their interpretations. The studies of 
Harris (40) and his co-workers on the physico-chemical properties of plant 
saps in relation to plant distribution are monumental in scope, but as 
pointed out by Shantz (82) in their praise, "A closer correlation with 
conditions of the environment, a closer correlation with such measurable 
physiological processes as transpiration, rate of photosynthetic activity, 
and perhaps respiration would have led to results of profound iji5)ortanoe 
to our knowledge of plant response." Thomas and IJaok (89) have replied 
to criticism of their failure to measure habitat variability in their 
numerous experiiaents on foliar diagnosis. Th^ maintain that their system 
of sen^ling at different growth stages provides a sort of self-check which 
eliminates the necessity of the customary inteirprotation of environmental 
variability; this reply seecos only partially justifiable. However, 
Hoagland and Amon (43) have noted the increasing interest in the "venera­
ble - idea of analyzing plant tissues in the study of nutrient defi­
ciencies" and state that with the less con^jlex "types of tissue analysis 
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it is sometimes possible to obtain, useful indications of the nutrient-
supplying powers of soil from analysis of samples of plant parts taken 
at suitable groxvth stages from crops grondng in the field as well as in 
nutrient cultures. 
In their notable contribution to the understanding of nutrient 
availability, Hoagland and Amon (43) conclude that low pH per se is not 
necessarily responsible for poor growth# as indicated by good plant 
response both in nutrient cultures of low pH and in acid peat soils. 
They point out that a low pH is in general syroptomatic of calcium and 
not infrequently of magnesium deficiency# and in certain soils also of 
toxic amounts of soluble aluminum and manganese. They obtained no growth 
in plants in nutrient solutions at pli even v/ith a high calcium level 
(260 p. p. m.). At pH 4 and 5, noticeable increases in grotrth were ob­
tained •sdth additional available calcium# leading to their conclusion that 
at acid reactions, plants seem to require greater supplies of calcium than 
at reactions approaching neutrality. IMder these conditions, increased 
physiological demand for calcium is thus coincident mth decreased supply. 
Hoagland and Amon further suggest that a low calcium requirement may 
partially explain the adaptability of "acid-loving" plants to soils of 
low pEj and that a high calciim-supplying power of acid soils rich in 
organic matter may explain th© good plant growth sometimes occurring on 
them. 
The known differences in "acid-tolerance" of certain species of plantes 
have been utilized by Bender and Eisenmenger (16) to determine the rela­
tive absorption of certain elements by calciphiles, intermediates and 
calciphobes. Sweetolover was chosen as representative of calciphiles, 
oowpeas of the intermediate species, and peanuts of the calciphobes. 
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These investigators foiind total absorption of phosphorus greater in cow-
peas and peanuts and smaller in sweetolover on an acid (pH 4.4) soil than 
on a slightly alkaline (pH 7.3) soil. More calcium was absorbed from the 
basic than from the acid soil by all of the three leguminous species, as 
would be eaqjected* but on the basic soil calcixim absorption was greater 
in peanuts than in sweetclover, suggesting "luxury consumption" by the 
caloiphobe* peanuts. 
Somewhat comparable results were obtained by Vanderford (91) who foujsfld 
in greenhouse esqjeriments that addition of sufficient calcium to neutral­
ize all titratable hydrogen of a soil of pH 4.7 to pH 7 resulted in a 189 
percent increase in yield of Korean lespedeza, a 141 percent increase in 
sweetclover and only a 19 percent increase in soybeans. However* diffex^ 
ent absorptions of calcium and phosphorus by the three species accompanied 
the same calcium additions. The lespedeza contained 87 percent more cal­
cium, the soybeans 30 percent more and the sweetelover only 6 percent more 
of this element. Phosphorus absorption was decreased by 30 percent in 
soybeans and 42 percent in sweetclover, but was increased by 122 percent 
in lespedeza by the same calcium treatment. 
The emphasis on acidiiy relations and calcium requirement of legumes 
has led somewhat to neglect of another nutrient element, phosphorus, 
which is particularly important in their development if tissue analysis is 
a criterion. Pew studies of the relative percentage concentrations of the 
various nutrient elements in legumes and other species have been nade with 
sufficient uniformity of methods of collection and analysis to permit 
coD^arison. Daniel (SO) in Oklahoma foimd with 368 samples of 23 grami­
neous species and 325 san^les of 10 species of legumes collected under 
vdde environmental conditions that the legumes had on the average 5.91 
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times as much calcium* 1»74 times as much phosphorus and 2»64 times as 
much nitrogen as the grasses. A high phosphorus requirement for numerous 
crop legumes, particularly red clover^ frequently has been observed. 
Pierre (69) has concluded that low crop production is more often due to 
a lack of available phosphorus than to lack of B:ny other element. Allard 
(9) has discovered a similarly iirportaiit role for phosphorus in mid 
legumes in Virginia* where the normal invasion of native legumes in early 
stages of plant succession ms shoisn to be prevented by lack of available 
phosphorus in the soil. 
The in^ortance of soil physical factors in the growth response of 
legumes as of other plants is imquestionably great. The necessity of a 
soil structure favorable to a proper air-water balance is well-recognized 
for all plants, both in supplying their water and ojcygen requirements and 
in increasing the availability of essential nutrient elements. Beyond 
these general considerations isAiioh apply to other species as well as to 
legumes, favorable soil structure is necessary in the Leguminosae for the 
optimum development of the root-nodule bacteria. Wilson (98) observes 
that full experimental support has not been given to the view that osygen 
is directly concerned in the nitrogen-fixation reaction, but that there 
is ample evidence of its significant indirect role. Itenerous experiments 
vdth rhizobia have shown the advisability of maintaining soil moisture at 
a range someiidiat lower than the field capacity. Favorable soil structure 
also increases the availability of those nutrient elements XB cessary for 
the optimum development of root-nodule bacteria. Neither phosphorus (45) 
nor potassium (44) appears to be directly essential for either nodule 
production or nitrogen fixation at least in early growth phases, but the 
extreme iiqjortance of calcium to development of rhizobia has been 
demonstrated (59), as noted previously. 
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Previous Yfork on Aoid-soil Resistant Legtimes in Iowa 
The vjork in Iowa on acid-soil resistant legumes has not been exten­
sive. Many of these studies have been concerned with Dalea alopeouroidos 
Willd. (Viibod's clover or dalea)» which at one time •mas bolientred to be 
promising for acid soils of low fertility. Jefferson (47) and Gripe (28) 
found decreased height groTrfch in dalea on a soil vdth a 3.5 ton per acre 
lime requirement as lime was added up to 3 tons per acre. Larson (53) 
reported greater grovrth, nitrogen-fixation and protein content in dalea 
on an acid than on a neutral soil. Simpson (84) discovered dalea to be 
poorly resistant to both drought end frost. McKel-vy (62) found dalea to 
be the only one of several legumes grown on soils of low pH which could 
be seeded in small grain and produce a green manure crop after the small 
grain harvest. A seedling blight to lA^ich dalea was highly susceptible 
could be controlled by seed treatment, according to Zobrist (101) who also 
reported that dalea was highly sensitive to length of day* flowering in a 
very short time and making only a dmrfed growth v.iien planted in the 
greenhouse in the fall. Bozovaisky (18) found better grovjth in dalea on 
a sandy soil of low organic matter content than on fertile soils with 
high organic matter. Use of dalea as a crop has iJeen disappointing, but 
much of the difficulty with its culture perhaps results from its failure 
to cross-inoculate with any other legume (34). i 
McKelvy (62) investigated the relative adaptabilities of several 
legumes to soils of low pH in southern Iowa. His field studies were con­
cerned with soybeans (Soja majc (L.) Piper), Cherokee clover or Florida 
beggajrweed (Pesmodlum tortuosum (Sw.) DC.), two varieties of velvetbean 
(Stizolobium deeringianum Bort)» dalea (Dalea alopecuroides Willd.),. two 
varieties of cowpeas (Vigna sinensis (L.) Endl.), Korean lespedeza 
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(Lespedeza stipulncea Maxim.)» kudzu (Pueraria thunbergiana (Sieb. and 
Zueo.) Benth.)i and mung bean (Phaseolus aureus Roxbg.)» At the end of 
tv<o years' study, McKel-vy made the foHousing conclusions in respect to 
the relative value of these eight legume species under southern Iowa con­
ditions: (1) Cherokee clover •would be of doubtful value in southern Iowa 
because of the uncertainty of producing mature seed, (2) velvetbeans and 
dalea -would have value chiefly as green manuring crops, (3) mung beans 
could be used both as hay and green manure, (4) cov/peas could be used as 
a hay, seed and green manure crop, (5) Korean lespedeza iwould have con­
siderable value as a pasture and soil-building crop if it would reseed 
itself, and (6) none of the other legumes had as great value for general 
farm planting as the soybean* because of its production of a strong erect 
growth and abtmdant seed. It should be noted that the relatively poor 
qualities of the soybean as a soil-conserving plant had not been recog­
nized at the time of McKelvy^s experiments. 
The only other major experiment with acid-soil resistant legumes in 
Iowa reported to date has been that of Jefferson (47). In addition to the 
dalea, lespedeza, Cherokee clover, soybeans, and velvetbeans as used by 
MoKelvy, Jefferson studied the effect of additions of lime to an. acid 
"black silt loam" on the growth under greenhouse conditions of serradella 
(Ornithopus sativus Brot.), alsike olover (Trifolium hybridum L.) and 
vetch (Vicia sp.)» Two "lime-loving" plants, Melilotus alba Desr. (common 
biennial white sweetclover) and Melilotus alba Desr. var. annua Coe 
(Hubam annual sweetclover). were grown for comparison. Poor gemination, 
dainping-off and red spider infestations nullified maaay phases of the ex­
periment. However, the following conclusions were among those reached! 
(l) Dalea, sweetclover* Cherokee clover, alsike clover, Habam olover and 
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soybeans appeared to be benefited by additions of lime, (2) lespedesa, 
velvetboans and vetch were not materially affected by limingj although 
the trials with these legumes were not considered satisfactory* (S) 
serradella, Cherokee clover, alsike clover and lespedeza had acid plant 
juices under most conditions, (4) the plant juice of Hubaai clover and of 
common svjeetclover was alkaline, and (5) the more acid the juice of the 
plant the better is it adapted to an acid soil. 
Microclimate 
Relatively little -work has been dons in this country on the effects 
of miciroclimate upon cultivated crops. The effects indirectly produced 
upon plants by differences in direction of slope are so obvious that they 
have been observed and studied for many years. Potzger (74) points out, 
however* that microclimate involves much more than mere variation in topo­
graphy, being of importance also in structure, color# aeration and water-
holding capacity of the soil, reaction of plant cover on the habitat, 
differences in erosion and run-off, and even in the less easily defined 
variations of air temperature and precipitation. 
There is extreme local variation in many of these microolimatic fac­
tors on eroded hillsides such as those used in the es^eriments described 
here. If not taken into account, these loceil differences may lead to 
error in habitat analysis. Many microclimatic differences are of little 
or no practical importance in the ecology of crop plants, particularly on 
level topography, but they should never be disregarded in the interpreta­
tion of plant development. 
Dabral and Chin^ (29) compared the microclimates of irrigated 
cropped cotton fields and unirrigated uncropped fields in India v/ith 
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olimatic readings of a nearby standard weather station. They not only 
found great differences between the three climates but also that these 
differences were constantly changing because of development of the cotton 
plants and their consequent reaction upon the habitat. In the early 
phase of gro-srth, for example, air ten^ieratures at the 6-inch level in the 
fallowed field were 3 to 4®G. higher than in the cropped irrigated field, 
but in later growth phases these differences had increased to 7 to 9°C. 
because of the supplsnental cooling effects of the plants. In the un-
croppedj uairrigated field, air temperatures measured at 6-inoh, 18-inch 
and 36-inch levels decreased vfith distance from the ground, v^hile in the 
cropped, irrigated field the reverse vas true. 
Aikman (1) found in a study of the microclimate of raaizs in central 
Iowa that both in a year of normal rainfall, 1929, and a very dry year, 
1930, plant response vfas more closely correlated isrith soil moisture than 
with any other single habitat factor measured. These others included air 
ton^srature, relative humidity, wind velocity, evaporation and light. 
Bair (12) in investigating the possibility of using official wGather 
bureau meteorological records for predictions of cora yields, concluded 
that vdnd movement, atroometer evaporation, soil temperature soil mois­
ture were sufficiently altered by plant cover to render measurements of 
these factors made outside of the field of little us© in attempts to esti­
mate growth and yield. He found tte. t relative humidity and air tempera­
ture were so little modified by the vegetation that weather station 
records for these measurements could probably be applied to com fields 
for a radius of several miles. 
The effect of different spacings upon the growth of com as studied 
by Sisele (32) also showed microclimatic differences of significanco. 
-18-
During the day hours, relative humidity was S to 5 percent lower with a 
one plant per hill spacing than with five plants per hill. The humidity 
•was higher at night with the one plant spacing than with the five. The 
greatest difference in microclimate between the two rates of spacing was 
found with porous cup evaporation, where Eisele measured 22 percent 
greater moisture loss during July and August in the one plsjat per hill 
spacing than in the five plant spacing. 
Aikman (2) and Barger (13) have made studies of certain phases of 
microclimate on the same Hillculture Experimental Farm where the experi­
mental legme plots are located. Aikman studied the effect of direction 
of slope upon masiimum and minimum and average air temperatures, maximum 
soil temperature, rate of evaporation, alternate freezing and thawing and 
length of growing season. As was expected, the west slope was most xeric, 
with the other slopes ranking in the order: south, east and north. Some 
of the differences found were surprisingly large. The average air tem­
perature for July 1939 was 3 degrees higher on the west than on either 
the south or east slope, a spread equivalent to the average July teu^era-
ture difference between weather stations separated by a distance of 150 
miles north and south in this area. 
Barger (13) studied the response of black locust seedlings to varia­
tions in environmental conditions on the Hillculture Farm. Climatic 
plqrtometers were prepared on east, south and west slopes by filling 
trenches with soil originally collected from the same sites but mixed to 
provide the same soil for the three habitats. Using growth as measured 
in tree height, length of branches and dry weight of wood as an index of 
sit© differences, Barger found the south slope most favorable for black 
locust development, with the west slope least favorable and the east slope 
intermediate. The drying effect of the prevailing wind was interpreted 
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as the probable cause of poor plant response on the west slope. The 
south slope was somewhat more protected by nearby Tegetation than was 
the east slope, possibly explaining the rather unejcpected poorer groisth 
on the east than on the south. 
All of these cited experimental results as well as the less detailed 
observations of numerous investigators indicate clearly that microclimate 
is a determineoit of variation in plant response rihose modifying influence 
can no longer b© ignored in crop ecology. However, perhaps the most 
realistic viewpoint of the position of microclimate, as true today as when 
Geiger (35) suggested it in 1930, is that the chief value of study of 
microclimate my be to discover the reasons for its variation, from the 
more generally useful but sometimes inadequate results of study of the 
maerocliraate. 
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EXPERIMENTAL 
Methods of Procedure 
Preliiainary studies. 
•Work on legumes on the Floris Hilloulture Experimental Farm previous 
to the season of 1939 7Jas of a preliminary nature. Contour plantings of 
shrubby lespedezas, including Lespedeza oyrtobotrya Miq.. Lespedeza juncea 
(L. f.) Pers« and Lespedeza bicolor Turoz. were made in the spring of 1938 
for observations of the qualities of these species in conserving soil and 
in providing wildlife food and protection. 
Interplantings of covipeas between contour furrowed rows of grapes and 
plums also were made in the late summer of 1938. As a preliminary step in 
the stUffy of growth xmder hillculture conditions on eroded slopes* eight 
l/lO,000th acre plots of cowpeas just past the seedling stage were selected 
and marked in contour strips. These plots were chosen as representative 
of varied conditions of direction and degree of slope and of soil fertil-
i1y and moisture. Exact soil tests of acidity and fertility were not made 
for each site* but it is believed that the range of these edaphic factors 
was typical of most conditions on the Hilloulture Farm. Each site was 
checked for soil moisture differences vdth an adjacent plot of equal area 
tidiich had either no vegetative cover or a very poor weed cover. 
At maturity of the oov^ea plants, lengths and green weights of stems 
and roots were taken. Because of an t^xtended period without rain» only a 
single collection of soil moisture samples was taken for each of the eight 
sites. It was considered that the period without precipitation was long 
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enough that all free-draining water would have been removedj even from 
the 4-foot depth, and that tests of moisture remaining in the soil would 
show the effective water habitat of the roots during a rather extended 
time. Attempts were made to correlate depth of penetration and extent of 
root development with soil moisture. The study was not designed to show 
effects of competition, but when obviois differences were shown in this 
respect, these also were taken into accotmt. 
A detailed report of results of this experiment need not be given 
here, but they may be summarized in the conclusions that (1) correlation 
of root penetration and total soil-moisture content was not conclusive for 
the number of items measured, (2) results of coii5)etition, apparently for 
water chiefly, were clearly demonstrated in decreasing size of plants 
without correspondingly great increases in the number of plants per imit 
area, and (3) roots penetrated the hard clay-gravel subsoil to a surprising 
depth, reaching nearly the 5-foot level in some cases. 
In addition to these field investigations, greenhouse e3^eriments 
were carried out at Ames during the winter, spring and early summer of 
1939 to obtain a preliminary selection of leguminous species of promise 
for acid, infertile soils of the sort foiind commonly in southern Iowa. 
Lindl^ soil brought from the Hillculture Farm at Ploris was used for 
coiaparison with a fertile Webster loam of basic reaction. 
In the first experiment, duplicate plantings of thirteen leguminous 
species were made in strongly acid Lindley soil of mixed B and C horizons. 
Webster loam to which sand had been added at the rate of two volumes of 
sand to three volumes of soil was used as a check. The Lindley soil was 
xmtreated in any way except to be certain that it was well mixed to pro­
vide similar soil samplings for all plantings. 
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The thirteen species used in this ejzpariiaent wore (l) Coronilla 
•yaria L. (crown vetch), (2) Lespedeza capitata Miohz. (roundhead lospe-
deza)» (S) Lespedeza frutesoens (L.) Britt. (wand lespedeza), (4) Lespe-
dezg latissima Kakai (decumbent lespedeza), (5) Lespedeza sericea (Thunb.) 
Benth. (sericea), (6) Lespedeza violacea (L.) Pers.(violet lespedeza)* (7) 
Lespedeza virginioa (L.) Britt. (slender lespedeza), (8) Lotus oorniou-
latus L. (birdsfoot trefoil), (9) Oxytropis tenella Fisch. ("Ruby Valley 
vetch")® (10) Pet8.1osteinura candidum (Willd.) Michx. (white prairieclover), 
P6"fcalosternum purpuretmi (Yont.) i^'db. (purple prairieclover), (12) 
Strophostyles helvola (L.) Britt. (tangle mealybean) and (13) Trifolium 
arvense L. (rabbitfoot clover.) 
Because of frequent'difficulties mth Jythium damping-off of legumes 
in Webster soils previously encountered by other -^rorkers, recommendations 
of plant pathologists at Iowa State College were followed in the steam 
sterilization of the Xifebster sand-soil mixture used in this experiment as 
well as in washing with a formaldehyde solution the glazed gallon jars 
used in all plantings. Jars used were of the type with drainage holes at 
the bottom, but these were stoppered with corks. Since the proper root-
nodule organisms for all species included in the test were unavailable 
at the time it was begun, no inoculation of seed of any species vms made. 
It was appreciated, of course, that this would favor the Lindley cultures 
of the leguminous species whose associated nitrogen-fixing organisms were 
tolerant of the low pH and poor aeration of the Lindley soil as coii:5)ared 
with the cultures of the same species in the sterilized Webster soil. 
However* this was thought to be more desirable than the inoculation of 
seed of only a part of the species. One large seeded fora, Strophostyles 
helvola» ms scarified by shaking in a glass bottle for 10 minutes, while 
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seed of all others vms scarified by rubbing with sandpaper-covered blocks. 
Since the Webster sand-soil mixture was considered to have a signifi­
cantly lovrer permanent wilting percentage than did the Lindley clay-type 
soil* the Lindl^ duplicate series were v/atered more frequently and in 
somevahat greater amount than v^ere the series of the check soil plantings. 
'Water vjas applied uniformly* hovfever* throughout a given series of the same 
soil. 
All species were planted oa January 21, 1939, with the exception of 
Oaytropis tenella (planted Janus.rj'' 31) and Coronilla varia (planted 
February 9). Since germination of the seed used had not been tested, 
abundant seeding ms made to insure a good stand. Approximately equal num­
bers of seeds (about 50) were planted in each jar, irf-th the exception of 
Strophostylea helvola, in which 9 seeds v/ere planted per jar. Seeds v,'ere 
soTOi at the saia© depth (about l/4 inch) in all cases. Germination "was 
good mth all species except with Coronilla varia, Petalosternum candidum 
and Petalo stemua purpureum, but vias delayed from 1 to S days in the Lindley 
soil in con5)arison with the Webster check in 9 of the 12 oases in which 
germination was obtained in both soils. 
These germination results suggested a supplementarj'- experiment to 
determine the effect of improvement in the structure of the Lindley soil 
upon germination and early seedling development. The structure change was 
obtained by adding washed sand in varying proportions to Lindley soil of 
the same original source as that used in the Lindley-Webster comparison. 
Five series were run in triplicate under greenhouse conditions as followsj 
(1) finely screened soil, no sandj (2) coarsely screened (l/4 inch) soil, 
no sandj (3) 3 volumes finely screened soil, 1 volume sand; (4) 1 •volume 
finely screened soil, 1 volume sand; and (5) 1 volume finely screened 
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Eoil, 3 "volumes sand. All series were planted in 2-inch pots, with five 
seeds per pot and were moistened as necessary with uniform» measured 
quantities of distilled water« Dalea alopeouroides, a species of quite 
low drought-resistance (84), was chosen as a suitable plant for this 
study because it was believed to be more sensitive to small-soil-moisture 
differences than were other available legumes. Data were taken as to the 
average time for appearance above ground of the first seedling and the 
total number of plants after 14 days. 
In^rovement of soil structure was shown to decrease the average time 
of germination from 11 days to 7 d^s and to double the average number of 
plants per pot. Since many local spots on the experimental legume field 
sites vAich were later selected have little better "surface" soil than the 
Lindley subsoil used in this greenhouse test, the results indicated that 
germination difficulties trould be encountered in the field, varying with 
the physical properties of the seedbeds. 
In the study of germination and establishment on the Lindl^ soil in 
ooB^arison to the Webster, counts of total stand were taken i^ril 11 
(approximately 10 v/eeks after the average date of germination) and jars in 
whioh more than 5 plants had become established were thinned to that num­
ber. Final data for this experiment in respect to total stand, height and 
average dry weight per plant in roots and shoot were taken July 17. 
The results of the preliminary tests of adaptability of these indica­
tor leguminous species showed definitely that only the lespedezas, birds-
foot trefoil, and tangle mealybean were able to make material increase in 
height and dry weight on the acid, infertile Lindley subsoil. It should 
be noted also that the satisfactory growth of birdsfoot trefoil was made 
in the absence of nodulation. The seeds were not inoculated, and the 
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root-nodule organism of this plant was not present in the soil, since 
lotus comiculatus is in a distinct cross-inoculation group and had not 
been gro-wn on the same soil before. Nodules were obsejrved on the other 
best-established species. 
Selecting from the plants growi in these preliminary tests, it was 
decided to include in the subsequent field studies the lespedezas (where 
sufficient seed was available), the birdsfoot trefoil, tangle mealybean, 
crown Tretch and Ruby Valley vetch. Crown vetch was included because of 
successful growth on acid soils elsewhere, and the Ruby Valley vetch be­
cause it reportedly j^rew best on alkaline soils, and thus would be a 
valuable species for comparison with the acid-soil resistant species. 
Selection of field sites. 
The Hilloulture Experimental Farm near Floris includes typical areas 
of both Lindley loam and Clinton silt loam, the tvjo major light-colored 
soils of the well-drained uplands of Davis and adjacent counties in Iowa 
and Missouri. Lindley loam occupies the largest acreage of any soil type 
in this region and Clinton silt loam is commonly associated with it in 
somevihat smaller area. Both soils were developed under oak-hickory 
forest, Clinton from loessial parent material and Lindl^ from glacial 
drift of Kansan age. The original, nearly level plain assumed by geol­
ogists for this region has been thoroughly dissected by numerous streams 
and their tributaries, leaving the small interstream divides of the 
forested area covered with Clinton soil, and the Lindl^ in narrow strips 
along the valley slopes below (66). Natural drainage is excessive, though 
large scale maps including this section of Iowa and Missouri include it 
in the Grundy-Shelby-Parsons association of planosols. Its more proper 
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ooimection is of course with the Clinton-Boone-Lindley association of the 
upper Mississippi and lower Missouri river valleys in Minnesota, Wisconsin, 
Illinois, Iowa and Missouri (87). 
Representative sites of Clinton silt loam and of Lindley loam were 
selected on the Hilloulture Farm, and a third lowland site included for 
comparison in the legume adaptation studies. The approximate locations of 
these sites are shown in figure 1 in respect to the contour pattern of the 
farm and in figure 2 in respect to the soil survey of the fam. Figure 3 
shows the direction and degree of slope on the three sites, and figure 4 
the depth of topsoil remaining in representative plots. 
Representative soil profiles of the three experimental sites are 
typical of those usually described for the same soil types, except that 
erosion has removed much of the A horizon in both of the upland sites as 
shown in figure 4. In the lowland site, considerable overwash material 
from the adjacent slope has been deposited over the stirface along the 
upper part of the area, giving in effect a buried profile. The lowland 
site, originally mapped as Plainfield fine sandy loeon, as shown in figure 
2, has been found upon closer inspection to be more closely related to 
Ray fine sandy loam, although rather frequent overflows have kept the pro­
file in a relatively immature state which may best be described as an 
alluvial "soil." 
The following descriptions of the Clinton and Lindley soils from the 
soil surv^ (66) of Davis County, Iowa, in which the Hilloulture farm is 
located, may be taken as representative of those found in the experimental 
legume sites, with the above-noted exceptions. 
"Clinton silt loam - The surface soil is grayish-brown smooth silt 
loam to a depth of 8 or 10 inches. l/8hen dry it has a light grayish-brown 
appearsince, but when wet it is grayish brov/n or dark grayish-brown. 
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S I T E  7 
DAVI3 COUNTY 
5CALE r'»40o' 
^ITE L0CAT10N5 
I-Cli'nton silt loaiTi 
n-Bot+om land 
IDi'Lindley loam 
Figure 1, locations of the experimental legume sites on the Hillculture 
Farm near Florisi Iowa, with respect to the contour pattern. 
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SOIL SURVEY 
500THEaN ICWA PASTURE PROJECT SITE NO. 7 
PART OF SECTIONS 15,16 & 21,T 70 N,R 13 W 
LICX CREEK TWP. HAVI5 COUNTr 
IS7 ACRES 
-SOIL TYPE 
L- - LIUDLEY LOAM 
C— CLINTON 51LT LOAM 
B -- BREMER FIHE .aOIJT LOAM 
P— PLAIUFIELD Tl-NE SANDX_iftlW-' 
G5C— GElfESEE FlUB SABDY LOAM 
(colluvial pliaLse) 
APPROI - DEFTH OF -SURFACE 50IL 
1= 6'-8* 
2= 4'-^ " 
3 = Z*- 4' 
4 = 0"-Z" 
LEIGESND 
TIMB* 
GULLY 
INTEHMITTENT DBAnfAGE 
SOIL BOUOTARY 
DIVERSION DITCH —b 
IMPOUD 
•SEEPAGE-SPOTS 'JiO. -iUJC 
CREEK 
SCALE 
8" = i MILE 
51TE LOCATIONS 
I-Clinton silt loom 
H-Bottomland 
III"Linciley loanri 
Figure 2. Locations of the experimental legume sites on the Hilloulturo 
Farm near Floris, Iowa, with respect to the soil survey. 
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Figure 4. Map of the experimental-legume sites, shewing depth in inches of remainin 
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The material in this layer changes to a yellowish-brown silty clay loam 
that passesf at a depth of about 18 or 20 inches, into yellowish-brown 
clay, slightly mottled vdth gray, and containing some rust-bTOwn and 
orange-brown iron stains. The lower part of the subsoil, below a depth of 
42 inches, becomes lighter in texture and is grayish brom. Both surface 
soil and subsoil have been thoroughly leached of lime carbonate and are 
acid in reaction. In most places the surface soil requires from 3 to 4 
tons or more of limestone to correct the acidity." 
"Lindley loam - The 6- to 8-inoh surface soil consists of brownish-
gray friable loam containing considerable silt. The thickness of the sur­
face soil depends on the degree of slope and the amount of erosion that 
has taken place. The subsoil, between depths of 8 and 30 inches, is red­
dish-brown or yellowish-brown clay loam containing much coarse grit, some 
gravel, and a fev: boulders. Below a depth of 30 inches it is yellowish-
brown clay loam or silty clay, strongly mottled with gray. The coarser 
gritty materials increase in quantity with depth. Rust-brown iron stains 
are numerous in the lower part of the subsoil. The surface soil varies 
considerably in texture, in places consisting of smooth grayish-brown silt 
loam containing considerable very fine sandj in some small areas coarse 
sand and gravel are abundant, and the texture is clay loam; and in bare 
spots on hillsides the material is reddish-brown gritty silty clay, on 
triiich even weeds establish themselves with great difficulty." The varia­
tion in surface soil texture from a smooth silt loam to a mixed gravel and 
clay as noted above is found on the Lindley legume site, but the outcrops 
of reddish-brown subsoil, though occurring elsewhere on the same farm, 
have not appeared as yet on this particular si-te. 
There is considerable variation in the soil of the Bottomland site. 
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although less so than in the upland sites, except for the overwash de­
posits cited above. Generally, the soil profile Bay be described as in­
cluding a deep surface soil of moderately dark grayish-bro-wn fine sandy 
loem. grading through a clay loani into a silty clay loaia of about the same 
color or an even darker broim. Horizon differentiation is weak, but this 
is the result of the relative youth of the profile rather than of poor 
drainage. This soil, though representative of the best non-eroded sites 
available on the Hilloulture Farm for comparison v/ith the upland areas is 
of lesser productivity than the better of lowland soils of southern lovra. 
and northern Missouri. 
Other site differences thaji those of soil profile are listed for com­
parison and ready reference in table 1. The qualities tabulated are those 
present at the time the experiments were started and do not include any 
treatments specifically applied for this investigation. Much data for 
previous treatment are talcen from Gull (39). Employing the kno-wn indicator 
significance of native vegetation and ruderals, a more direct measure of 
site quality is given in table 2, listing the more important plant species 
•which were present in the natural cover at the time the experiments were 
started and which were found to be the chief weed competitors in subsequent 
culture of the plots. It will be noted that the littleflower mealybean, 
on the Clinton site, is the only legume included in this list of the more 
in^ortant naturally occurring species. Korean lespedeza (Lespedeza 
stipulacea) was also present on the Clinton site and sweetclover (Melilotus 
alba) on the Lindley site as a result of plantings. Investigations of 
Ward (93) and Larason (52) on the same farm had shorn braoted plantain and 
prairie threeawi grass to be indicators of the poor soil quality of early 
stages in plant succession, and small ragweed to indicate the soil improve­
ment of intermediate stages. Sheep sorrel and the common yellow oxalis 
Te-bls 1, Descriptions of the Hilloulture experimental legxime sites at 
the time of their selection in 1939, Typical profiles are 
described in the text. 
Site quality-
criteria 
Clinton silt loam 
site 
Botton^and 
site 
Lindley loam 
site 
Direction 
and degree 
of slope 
Extent of 
erosion 
Recent 
oultiiral 
history 
Degree of 
acidity and 
natural 
fertility 
before 
treatment 
Recent 
fertilizar 
and liming 
treatments 
Average 
elevation 
above ore^ 
level 
EspoBure generally 
southeastwardJ 
Slope 2 to 14 
percent, averaging 
9.4 percent 
Average depth of 
topsoil, 4 to 6 
inches 
Abandoned from 
cultivation about 
30 years agoj poor 
quality pastiare 
sinise that timej 
broadcast to Korean 
lespedeza in 1936, 
but stand was still 
weak in 1939 
Exposure generally 
westwardJ 
Slope 1 to 11 
percent, averaging 
4.6 percent 
Average depth of 
topaoil, 6 to 8 
inches, but with 
ovensash of poor 
oolluvium along 
upper margin 
Almost continually 
cultivated, with 
com, small grains 
and various truck 
crops in rotation 
Highly acid, and 
of medium to low 
fertiliiy 
No treatment 
within at least 
the last 10 years 
65 feet 
Itoderately acid, 
and of fair to 
medium fertility 
jBsposure generally 
southeastward} 
Slope 3 to 9 
percent, averaging 
6.2 percent 
Average depth of 
topsoil, 2 to 4 
inches 
Abandoned from 
cultivation about 
1933, with com 
the chief previous 
crop; stsam to 
sweetclover in 
1937* with excel­
lent stand in 1939 
Mqderately acid* and 
of medium to low 
fertility 
E-1/2 tons of coarse S tons of coarse 
limestone and 200 limestcaie and 200 
pounds of phosphate pounds of phosphate 
per acre in 1937 per acre in 1937 
15 feet 70 feet 
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Table 2. The more important species present in the natural cover of the 
e::q>eriinental legume sites, or later appearing as -weec^ com­
petitors. 
Scientific name^ Common name^ 
Clinton silt loam site 
Achillea lanulosa Mutt. 
Aristida oiigantha Michx. 
Asolepias verticillata L. 
iiragrostis cilianensxs" (All.) Link. 
Erigeron aimuus (L.J Fers. 
Jluphorbia macul'ata L. 
Oxalis striata L. 
Plantago aristata Michx. 
Rumex Aceto sella L. 
Strophostyles Teiosperma (T.and G. ) 
Western yarrow 
Prairie threeavjn grass 
Miorled milkweed 
Stinkgrass 
Daisy fleabane. Annual fleahane 
Milk purslane* Spotted euphorbia 
Yellow oxalis 
Braeted plantain, Bottlebrush 
Indianwheat 
Sheep sorrel 
er Littleflower mealybean. Small 
mldbean 
Bottomland site 
Digitaria sanguinalis (L.) Scop. 
Eragrostis oilianensis (All.) Link 
Erigeron canadensis L. 
Euphorbia macuiata "L. 
Hibiscus Trionum L. 
Mollugo verticillata L. 
Polygonum punotatum Ell. 
Sida spinb sa JL« 
Hairy crabgrass 
Stinkgrass 
Mare's tail, Horseweed fleabane 
Uilk purslane. Spotted euphorbia 
Flower-of-ein-hour 
Carpetweed 
Smartweed 
Spine mallow. Prickly sida 
Lindley loam site 
Amaranthus graecizans L. 
Ambrosia artemisiaefolia L. 
var. elatior (CTX Desc, 
Aster ericoides L. 
Erigeron canadensis L. 
&iphorbra macuiata L« 
Panicum dichotomiflorum Michx. 
Setaria viridis (L. j Ijeauv. 
Tumbleweed amaranth 
Small ragweed 
Many-flowered aster 
Mare's tail, Horseweed fleabane 
Milk purslane. Spotted euphorbia 
Fall panicum 
Green bristlegrass 
Scientific names of the grasses follow Hitchcock's Manual; other 
species are according to Palmer and St^ermark (67) or more recently ap­
proved names. 
^Common names follow "Standardized Plant Kames" (10) except where 
two names are given, in which cases the second is according to "S.P.N." 
and the first is more acceptable because of much wider usage. 
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have been recognized by numerous imrestigators as indicators of high soil 
acidity. 
On the basis of these preliiainsuTy observations of natural cover 
vegetation and soil quality, the Bottomland site was considered the most 
favorable of the three sites for plant establishment and growths with the 
Lindley area the better of the tvso upland sites. Lindley loam generally 
has a lower productivi-ty rating than does Clinton silt loam (66)» but the 
liming, phosphate-fertilization and sweetclover culture treatments of the 
particular Lindley site used in these studies were believed to have made 
it a more favorable edaphic habitat than was the untreated Clinton site. 
Experimental design of plot arrangement. 
Clinton silt loam site. Five contour furrows were laid out in ^ ril 
1939 with a 16-inch horse-drawn breaking plow, and were later pointed up 
by hand labor with spading shovels. The surface interval between furrows 
ranges from 25 to 35 feet, with a vertical interval of 3 to 6 feet. Ito 
atteii5)t to reduce soil or water loss in addition to these furrows has been 
made, as it is desired to test the various species for their supplementary 
values in soil and water conservation. In April 1959, the area was plowed 
with a horse-drawn plow, taking especial care to avoid a deep out wMch 
would turn under the shallow surface soil. After plowing, the site was 
harrovj-ed, staked out into 190 mil-acre (6.6 feet square) plots, and then 
raked by hand to provide a good seed bed. 
Bottomland site. Because of its relatively gentle slope, no furrows 
were laid out -within this site. However, a large diversion ditch extendii® 
entirely along its upper border was made with a terracing machine in 1939 
to prevent water and soil from washing down over the site from the adjacent 
steep slope. In j^ril 1939, the area was plowed vfith a horse-drawn plow. 
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harrowedj staked out into 197 mil-acre plots# of •which the 7 plots nearest 
the creek -mere later discarded, and then hand-raked to provide a good seed 
bed. 
Lindley loam site. Five contour furrows vrere laid out in April 1939 
•Kith a 16-inoh horse-drawn breaking plow, and were later pointed up by-
hand labor with spading shovels. The surface interval between furrows 
varies from 25 to 50 feet, with a vortical intejrval of 4 to 6 feet. As 
with the Clinton site, no further attempt to reduce soil and water loss 
than by the furrowing has been made. In J^ril 19S9, the area betv/een fur­
rows was plowed shallowly ivith a horse-drawn plow, harrowed, staked out 
into 190 mil-acre plots, and finally raked by hand to provide a good seed 
bed. 
The 577 mil-acre plots originally staked out on the three sites were 
numbered consecutively, 1-190 on the Clinton silt loam site, 191-387 on the 
Bottomland site, and 388-577 on the Lindl^ loEoa site. As previously 
noted, plots 191-197 inclusive, nearest the creek on the Bottomland site, 
were discarded. The consecutive numbering of plots generally followed the 
contour of the slopes, as it was believed that less soil variation for the 
randomized sampling blocks to be planted would be encountered at the same 
level around the slopes than in more coinpaet units of shorter horizontal 
length but extending further up and down the slope. 
The general arrangement of the plots is shown in figure 5, which also 
includes the locations of the species treatment replications. 
Choice of species for field study. 
During the winter and early spring of 1938-1939, an effort was made 
to secure seed of as many as possible of the herbaceous leguminous species 
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-37-
viaaiiE 
BlHEJEH 
2®[N][H][g[y 
Hj[g]|D]lN][y][M 
z i m m m i o  
FlEOEiG 
S[g 13011] [N 
SHSHQ 
Q E 
EmEE V«. 
[a[V][j]|w[2 D 
h: 
T 
K 
Pi 
SIXJlMl 
00 
Q 
SITE I 
CLINTON SILT LOAM 
SITE m 
LINDLEY LOAM 
SITE H 
ALLUVIAL SOIL 
lowing locations of the randomized replications of the 19 treatments. 
1 table 4, page 41. , 

-38-
belierved to be tolerant of soil acidity relations and of low fertility. 
Chief sources from which seed vias obtained were the nurseries of the Soil 
Conservation Service; the Bureau of Plant Industry nurserj' at Arlington# 
Va.; Dr. J. K. llartin* director of the Iowa State College Herbaceous Gardenj 
Sutton and Sons» Reading, Bnglandj commercial seed coxt^janies in the United 
States; and private collections. In addition to these species* seed of 
special fine-stemmed strains of annual and biennial sweetclovers was se­
cured through the courtesy of the Dominion Forage Crops Laboratory at Saska­
toon* Saskatchewan* Canada* and short corolla tube red clover strains from 
Dr. J. Martin and from Mr. Conrad G» Kruse of Loganville* Wisconsin. 
The legumes finally obtained for planting in 1959 in all cases were 
either species which now are used very little or not at all in southern 
Iowa agriculture or new strains of standard agronomic legumes v/hich are 
being tried for particular ii!5)rovements which may warrant their adoption in 
this area« The sweetclovers were chosen particularly for leafy and fine-
stemmed characters (48) (88), and the red clovers for the short corolla 
tubes which at that time were thought to favor pollination by hon^ bees. 
The leguminous species planted in the esq)erimental plots in 1939 and 
1940 are listed in table 3. This group of legumes includes species of 
various growth habits such asj (1) Vines; latlyrus tingitanus* Iiat]:yrus 
venosus var. intonsus* Strophostyles helvola and Yicia villosaj (2) Procum­
bent plantss Lespedeza latissima* Lotus oorniculatus* Lotus uliginosus and 
Oxytropis tenella; (3) Spreading "busi^ plants; Cassia fasciculata. Cassia 
occidentalis* Coronilla varia* Desmanthus illinoensis* Desmodium canadensg* 
33esmodium paniculatum* Lespedeza sericea* Lespedeza stipulacea* Lespedeza 
violacea* Lespedeza virginica* Lupinus angustifolius* Melilotus alba and 
other melilots, Psoralea tenuiflora* and Trifolium pratense; (4) Erect 
single-stemmed plants; Lespedeza capitata. 
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Table 3* Species of Leguminosae planted in replicated and randomized 
experimental mil-acre plots in 1939 and 1940. 
Scientific name^ 
Cassia fasciculata Michx. 
Cassia ocoideatalis L» 
Coronilla varia L. 
DesmantfHlsl.ll'inoensis (Michx. ) MaoM. 
DesuuJdium canadense (L.) DC. 
Desmodium paniculatum (L.) DC. 
Lathyrus~tingitanus L. 
Latt^rus venosuB kuhl. var. intonsus 
Butters and St. Jolin 
Lespedeza capitata Michx. 
Lespedeza latissim Hakai , 
Lesp edeza sericea (,Thunb.) Benth. 
Lespedeza stipuiacea Maxim. 
Lespedeza violacea ^L.) Pers» 
XeipeSeza virginica (L.) Britton 
Lotus corniculatus L» 
Lotus uliginosus Sohkuhr 
Lupinus angustifolius L. 
Melilolius alba Desr. 
Melilotus officinalis (L.) Lam. 
kelilotus suaveolens Ledeb. 
Oxytropis teneJLla Fisoh. 
Psoralea tenuifiora Pursh. 
Strophostyies helvola (L.) Britton 
Trifolium prat'ense L* 
Vioia viilosa Roth. 
p 
Common name 
Shov^r partridgepea 
Coffee senna 
Crown vetch, Crowivetch coronilla 
Prairie mimosa* Illinois bundle-
flower 
Canada tickclover 
Panicled tickclover 
Tangier peavine 
YeiiQr peavine 
Roundhead lespedeza 
Decumbent lespedeza 
Serioea» Chinese lespedeza 
Korean lespedeza 
Yiolet lespedeza 
Slender lespedeza 
Birdsfoot trefoil, Birdsfoot 
deeirvetoh 
Big trefoil. Wetland deervetoh 
Blue lupine 
\i5hite swe etc lover 
Yellow sweetclover 
Daghestan sweetclover 
Ruby Valley vetch, 4 Ruby crazyweed 
Slimflower scurfpea 
Tangle mealybean. Trailing wildbean 
Red clover 
Hairy vetch 
1 
Scientific names follow listings in Index Kewensis and supplements, 
exoept for more recently approved names. 
2 Common names, except where usage makes others more desirable, are 
according to "Standardized Plant Hames" (10). llien two names are listed, 
the second follows "S.P.N." and the first is more widely accepted. 
Lespedeza cuneata Dum.de Cours according to strict taxonony (37). 
Lespedeza sericea is here retained because of its almost universal use by 
plant scientists in this country. 
4 
This species, often planted in Soil Conservation Service nurseries 
and elsewhere under the name Astragalus rubyi Green and Jtorris (38), is 
now considered by Morris (64) to be Oxytropis tenella, although it differs 
somewhat from the European species of the same name, according to 
Graham (37). 
-40-
Plantlng procedure and cultivation and care of plots. 
Following the staking of plots and seedbed preparation as outlined 
aboves the planting of plots proceeded as rapidly as possible during the 
period May 1 to 10, 1939. !Phe planting of indi-vidual species was grouped 
in such a way that not more than t\vo days separated the sowing of any one 
species on all three sites. Inequalities of advantage in gemination be­
cause of climatic factors were thus held to a minimum, which would not 
have been true if all plantings on on© site had been completed before be­
ginning the planting of the other sites. 
The extreme soil variability within sites was not fully appreciated 
at the start of the experiment, but the experimental design was such that 
the effect of such variability on plant response is subject to statistical 
measurement as a result of replication of each treatment ten times in each 
site and randomization within blocks. Except for occasional planting 
errors, each treatment was replicated once, at random, in each of ten 
blocks of nineteen consecutively numbered plots generally arranged to fol­
low the contour of the slopes. The position of each treatment replication 
is shoTOi in figure 5, and the key to the symbols of the treatments both of 
1939 and of 1940-1941 is presented in table 4. 
Except for the incomplete replications in treatments Y and Z of 1939, 
in which small stocks of seed made mechanical planting iBipraotioal, all 
plots were sown with a two-row "Planet Jr." truck gardeners' seeder. It 
was possible with this type of seeder to obtain a reasonably equal dis­
tribution of seeds of different sizes and shapes in the shojrt 6.6--foot rows 
of the mil-acre plots. It was believed, in consideration of the desira­
bility of completing the planting in the shortest possible time, that 
mechanical sowing would permit a more even distribution of seeds than 
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Table 4. Key to the treatmmt identification symbols of the various jmre-
stand plantings of leguminous species and of the misdnires of 
legumes and of grasses and legumes used in the establishment 
and grorfch eKperiments at Floris in 1939, 1940 and 1941. 
Treat- Species or mixture 
ment 
aymbol 1939 1940—1941 
^ fascioulata Lespedeza violacea 
D Desmnthus illiinoensis Desmanthus illinoensis 
E Lespedeza capitata Lespedeza capitata " 
^ Lsspgdeaa latissima Lespedeza latissim 
a Lespedeza sericea Lespedeza sericea 
^spedega stipulabea Lespedeza stipulacea 
J Lespedeza Tirginica ^ Lespedeza virginioa 
^ comiculatus ' Lotus cornioulatus 
^ uliginosus' Lotus uliginosus 
K Laginu's angustifolius Desmodium spp« -t-
P Melilotus ^ ba (Alpha strain) cbronilla varia 
^ ^^^3.otus alba (Melana strain) Perennial legxane mixtiare^ 
T Oxytropis tenella Lathyms venosi^s var» intonsus 
^ Trifoliun prat ens e (Eppert straiiQ Irifolium pratense (Eppear-t) 
V Vicia villosa Vicia villosa 
W .Simual-biennial legume mixture® Annua3L-l3i«mial legiame mixture® 
X Perennial legume mixture'^ Perennial legume mixture^ 
Y Legume-grass mixtures® Legume-grass aixburesS 
Z Incomplete replications of Lotus cornioulatus 
roiso^laneous species® 
^Desmodiumi caaadense- and Desmodiiaa paniculatum* 
^Desmodium oanadense, Desiaodium panieulatum, Lespedeza virginica, and 
Lotus oornloulatus« 
^Cassia fasciculata, Lespedeza stipulacea, Melilotus alba (Arctic), 
Melilotus officinalis (Zouave), MeTilotus auaveo'lens (Redfield), and 
Vicia -q^losa, 
^Lespedeza sericea, Lotus cornictilatus and Trifolium pratense (Eppert)« 
^Single plot jaixtures for obsemration of oombinations of the following: 
Cassia fascicitlata-Agropyron cristatum. Cassia fascloulata-Sporobolus 
heterolepis. Cassia fasciculata-Stipa spp., Lespedeza oapitata-Agropyron 
Qgistatum, Lespedeza capitata-Sporobolus heterolepis, Lespedeza capitata-
Stipa spp., TrifoliTm pratense (VfiisonT^gfogyron cristatum, Trifolium 
pratense (Wilson)-Sporobolus heterolepis, Trifolium pratense (V'filson)-
Stipa spp. plus one fallowed plot, 
®One plot each of Cassia oooideatalis and Lathyrus tingitanus, two 
plots each of Desmodium oanadense and Psoralea tenuiflora, and four plots 
of Strophostyles helvola. 
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would be possible in the same time with hand sov^ing. 
All seeds were scarified, the smaller ones of the sweetclover, lespe-
deza, birdsfoot trefoil and similar types with sandpaper covered blocks, 
and the larger seeds, as of lupine, partridgepea, prairie mimosa and tiok-
clover, by shaklag in bottles with fine gravel, llith the exception of the 
prairie mimosa, whose oross-inoculation root-nodule group had not been re­
ported, all seeds were inoculated with water su^ensions of yeast-mannitol-
agar cultures of the proper Rhizobium strains, and dried in the dark before 
planting. The Rhizobium cultures were in most cases obtained through the 
courtesy of Dr. W. B. Sarles of the I&iiversity of "Wisconsin. The oross-
inoculation groups of the experimental species are presented in table 5, 
in which other taxonomic relationships also are presented for reference. 
Because of the preponderance of leguminous species in the cowpea cross-
inoculation group, the prairie mimosa seeds were inoculated with a culture 
of this organism, in the hope that this species might also fall in this 
group, thus gaining the advantage of associated nitrogen-fixing organisms. 
This selection was fortuitous, since it was later found in inoculation 
tests that the prairie mimosa is included in the cowpea group. 
Taking into consideration the differences in sizes of the seeds as 
well as the variation in size and habit of the mature plants of the various 
species, it was thought advisable to regulate the rate of planting accord­
ing to these species differences. The rates of planting are listed in 
table 6. The extreme differences in average seed size, ranging from 7 per 
gram in I^pinus angustifolius to 1,910 per gram in Lotus uliginosus 
enqjhasize the necessity of different rates of seeding. 
Because of the frequently used agronomic practice of seeding legumes 
with a nurse crop, five of the plots of each species or mixture on each 
site were sown with a nurse crop of rye and five without. 
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Table 5. Systosiatio i*©lationships of the twsnty-five herbaceous species 
of Leguminosae planted in randomized rail-acre plots la three 
selected sites# 193S» 1940# and 1941» showing taxonomic se-
quenoGt^-^^bacterial cross-inoculation groups^ and chrorjosome 
niambers.^ 
Taxonomio sequence Cross-inoculation Chroraosora© Kuaber 
group Haploid liiploid 
Subfamily Miinosoideaes 
Desjaanthus illinoensis (Miclts.) llaoM. Co-wpea VII - -
Subfenjily Caesalpinioideaet 
Cassia fasoioulata Miohx. CoT-Tpea VII 8 
Cassia ocbideutalis L« 14 
Subfamily Papilionoideae: 
Lupinus angustifolius L. Lupine Y 20 40 
lieliiotus alba Desr. Alfalfa - I 8 16 
^elilotus officinalis (L.) Lam. « 1% 8 16 
iielilotus s^mveoiens Ledeb. it It - 16 
'irifoliusi prai'^s© L» Clover 11 7 14 
Lotus coraiculatus L» Lotus 7III 6 12 
Lotus uligiiujsus Schkuhr tt - 12 
Psoralea teiiulTibra Pursh. - -
():^ropis ienelia l^isch. - -
Cloronilla vafia "iu. Crovm vetch -- XV - -
iiesmodiim csinaSense (Lc) DC . Co-wpea VII 11 
Dosmodixiia ofmicuX'a-fc'uia (L. ) DC. tf - •• 
Lespedeza capiteta Michx. n t» - 20 
Lespedeza iatiss'iim Islakai « rt 20 
Lespecasa serici^ "(Thtmb.) Benth. ft IT - 18 
Lespedeza stipulacea Maxim. ti n - 20 
LespedOKa vibiaoea (L.) Pers. n 11 ~ 20 
Lespedeza ^ rgiriica (L.) Hritton « n - 22 
Vieia viliosa ito'th. ?ea III 7 14 
Lathyrus iTiigitanus L» !t M 7 14 
Lathyrus venosus Mtihl. var. intoasus 
lJutters and St. John 14 28 
Strophostyles helvola (L.) Britton Strophostyles - XI «» 
^Taaconojaic sequence of genera follo^era Taubert in Eiigler and Frantl's 
Die Hatflrlichen Pflanzenfamilien. 
^Cross-inooul&tion groups are according to bibliographical listings 
by Silson and Sarles (99), except for Desiaanthus, -which was determined in 
this study* 
^Gametio and soiaatie chroiaosoTiie numbers for Lespedeza are from 
Pierce (68); those for other genera are froa Senn (80)« 
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lable 6* Approximate numbera of seeds of the tiventy-five experimontal 
seleotions of Leguminosae per gram and per ounce of tJireshed, 
clean seed^ and rates of seeding per jnil-aore based upon 
these ooiAnts.l 
Rate of 
Species Seeds per Seeds per seeding 
gram ounce (gms ,/mil-acre) 
Cassia f&soiculata 120 3,400 6.5 
cassia occidentalis 60 1,700 8.0 
Coronilla varia 280 7,940 6.0 
Desmanthus iliinoensis 145 4,110 4.4 
Desmodium canadense 165 4,670 3.8 
Desmodiiffii p^iculatiim'^ 140 3,970 -
Lathyrus tingitanus 18 510 11.0 
Lathyrus venosus mr« intonsus^ 35 '995 -
Lespedeza capitata 325 9,210 4,7 
Lespedeza latissink 645 18,280 2.3 
Lespedeza serlcea 380 10,770 3.7 
Lespedeza stipiilaoea 590 16;720 2.4 
Lespedeza violacea 335 9,490 4.2 
Lespedeza virginiea 400 11,340 3.7 
Lotus cornicula^s" 930 26,360 1.7 
Lotus uliginosus 
Lupinus angustifolius 
1,910 54,150 1.0 
7 200 23.2 
Mfelilotus alba^lpha) 575 16,300 2.8 
Meli lotus alba (Arctic)^ 525 14,885 -
Melilotus alba (Melana) 555 15,735 2.9 
Meiilotus officinalis (Zouave)^ 525 14,885 m 
Kelilotus suaveolens (Hedfield)- 540 15,310 -
Oxyti'opis tenella 575 16,300 2.7 
Psoralea tenxiiflora 60 1,700 10.8 
Strophos-tyies helvola 16 -455 12.4 
Trifolim pratense (%pert} 600 17,010 2.3 
Vicia villosa 35 995 18.5 
lln addition to seed size, iiie adoption of seeding rates was governed 
by considerations of (a) relative sizes and grotrbh habits of mature plants 
of the various species, and (b) assumption that germination might not ex­
ceed 50 per cent for some species. Consequently, the seeding rates were 
doubled for all speciesj the rates listed tlierefore are twice those which 
would be necessary for a full stand with 100 per cent geradnation. 
2?iotiB planted as Desmodium canadense vrere found also to contain many 
plarttJ of Desmodim paniculatum through contamination of seed stock, 
Spiots of this species were planted from root cuttings, because of an 
insufficient stock of seed. The counts here reported for reference are 
for seed from the same original source. 
^Rates of seeding for these species which were used only in mixtures 
were controlled ly the type aM number of other species in the combinations. 
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Essentially the same methods of seed treatment and pleating Tsrere 
follovred for the plots v/hioh were replanted to new species in 1940) except 
that none ms planted with a nurse crop (see table 4 for differences in 
species treatments for the two seasons). 
Shortly after germination, all plots were carefully hand-weeded, and 
the inter-plot spaces hoed free of all vegetation. Three other thorough 
weedings were given all plots during the growing season, and large weeds 
of competitive in^ortance were removed periodically. This laborious and 
time-consuming weeding program was followed because it was thought that thse 
differences in number and type of weedy competitors as shown in table 
might otherwise introduce in^ortant variables of con^etition. A similar 
•weed-removal program was followed in 1940 and a somewhat less thorough 
weeding v/as done in 1941 because of fewer available laborers. 
Collection of environmental factor data. 
Six soil-moisture sampling stations, two on each of the three legume 
sites, were selected to represent moderate extremes of soil-moisture condi­
tions insofar as these were originally apparent from observations of slope, 
esqjosure and soil type. Samples were taken at seven depths! 0-6 inches, 
6-12 inches, 12-24 inches, 24-36 inches, 36-48 inches, 48-60 inches and 
60-72 inches, periodically throughout the growing season. The times of 
sanjjling varied according to precipitation, but generally collections were 
made twice each month and long enough after rains to insure removal of all 
free-draining water. The positions of the soil-moisture legume sampling 
stations are shown in figure 3. 
During the first trro years of the legume ejtperiments, vreather sta­
tions were not maintained on the legume sites, except for a one-month 
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period on the Clinton site during the srarrrier of 1940. Weather data for 
these seasons were taken from the four stations mainteined for the Hill-
culture farm as a whole, on north, south, east and west slopes. To obtain 
DTore exact infomation as to differences in miorooliraate between the three 
sites, a ^sv-eather station was set up in the spring of 1941 on each site. 
The Clinton and Lindley stations each had one Friez recording hygrothermo-
graph, one Friez soil-air recording thermograph, one aaxiiaum and one 
minim\m thermometer, one non-recording Friez S-cup anemometer, three atrao-
meters using standardized Livingston white spherical porous cups, and one 
non-recording rain gauge. The Bottomland site station xms similarly 
©quipped except that it lacked an anemometer and a rain gauge. Ydth very 
few exceptions, daily readings of maximum, and minimum air temperature, 
evaporation, v/ind and precipitation were taken. Data for soil and air 
ten^erature and for relative hianidity were obtained from the recording in­
struments which vrere checked frequently for accuracy of operation. For 
the very fev.- occasions -when daily readings of toii^erature extremes and 
evaporation were missed, interpolated values of evaporation were calculated 
with the aid of teir^erature and humidity data from the recording instru­
ments and the ten^jerature maxima and minima were read from the charts. 
Locations of the v/eather stations are shovm in figure 3. 
Chemical and physical analyses of soil. 
An extensive san5)ling program to determine the chemical and pi^sical 
properties of the soil when first adopted was intended to measure only the 
differences between the three experimental sites. However, when the ex­
treme sit© variability became evident, it ms apparent that in some proper­
ties, at least* variation was greater within sites than between sites. 
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The original soil sampling prograa fortunately had been designed on a 
scale intensive enough to measure differences -vri-thin sites, and further 
studies -vsere pursued in Tiew of the more exacting site measurement shown 
to be necessary. 
The soil chemical properties nvhose measurement was considered most 
essential to site differentiation weres (1) organic carbon, (2) organic 
nitrogen, (3) total base-exchange capacity, (4) total exchangeable bases, 
(5) exchangeable caloi\im, and (6) pH« Since it was obviously impractical 
to run analyses of all of these qualities for soil from each of the 570 
mil-acre plots, a soil-compositing program was designed to reduce the nxim-
ber of samples to be tested as wall as to emphasize the soil differences 
betv/een portions of the sites easily recognisable as distinct in soil 
quality. 
The soil sampling program was designed with two ends in view; first, 
and of most iii^jortance in this study, a descriptive analysis of soil dif­
ferences between sites and within sites, independent of species treatmentsj 
ajid second, a planned sampling of random plots of the various species 
treatments to permit a later measurement of differences produced in those 
plots by the plants. The intrinsic differences in these two sampling pur­
poses were harmonized in the design which is described in detail in the 
following paragraphs. 
For the temporary descriptive soil analyses, each of the three sites 
was blocked off into the ntimber and location of blocks which were consideised 
conservatively necessary to allow for differences in soil type, slope and 
contouring treatments. This division resulted in 11 blocks on the Clinton 
site, 8 on the Bottomland site and 8 on the Lindley site. (See figure 6 
for the arrsingement of these blocks.) For the descriptive analyses. 
-48-
compo sites were mads from all samples taken within each block. 
For the long-range analyses of changes made in the soil by the vari­
ous speciess it was necessary to take into account the various treatments. 
Because of previous variance in treatment, the legume-grass mixtures and 
fallowed plots (Treatment Y) and the plots planted to Lotus comiculatua 
in 1940 but to incomplete replications of five other species in 19S9 
(Treatment Z) were omitted from the soil sampling design. Only 17 of the 
19 treatments therefore were sampled. The sampling unit for the long-
range analyses was thus the l9-plot replication of the 19 treatments. 
Except for errors in planting, each of the 17 sampled treatments was repli­
cated once in a replication of 19 consecutively numbered plots. It v/as 
not believed necessary to sample more than 5 of the 10 replications of the 
17 treatments on the Clinton site, more than 3 of the 10 replications on 
the Bottomland site, or more than 4 of the 10 replications on the Lindl^ 
site. This made necessary a grouping of the replications which was accom­
plished as follows, taking into consideration the variation of each site 
in soil type, slope, and topsoil as shown by a surface soil surv€2y; 
Clinton site. Sauries of each of the 17 sampled treatments were 
taken once within each of the following five grouped replications: (1) 
replications 1 and 2 (plot numbers 1 to 38), (2) replications 3 and 4 
(plots 59 to 76), (3) replications 5 and 6 (plots 77 to 114), (4) repli­
cations 7 and 8 (plots 115 to 152) and (5) replications 9 and 10 (plots 
153 to 190). This included 17 treatments x 5 sampled replications - 85 
plots sampled. 
Bottomland site. Samples of each of the 17 sampled trea'tments were 
taken once within each of the following three grouped replications; (1) 
replications 1, 2 and 3 (plots 198 to 254), (2) replications 4» 5, 6 and 7 
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(plots 255 to 330), and (3) replications 8, 9 and 10 (plots 331 to 387). 
This included 17 treatments x 3 sao^led replications 1 51 plots sampled. 
Lindley site* Samples of each of the 17 sampled treatments were 
taken once within each of the folio-wing four grouped replicationss (1) 
replications 1, 2 and 3 (plots 388 to 444), (2) replications 4 and 5 
(plots 445 to 482), (3) replications 6 and 7 (plots 483 to 520), and 
(4) replications 8, 9 and 10 (plots 521 to 577). This included 17 treat­
ments X 4 sampled replications =" 68 plots sampled. 
The sam^iled plots were first picked at random and then arbitrary re-
selections and substitutions of other plots were made v^here necessary to 
fulfill the three conditions: (1) to secure a reasonably good geographic 
spread of sampling, (2) to obtain an approximately equal number of samples 
per sampling block, taking plot number per block into account, and (S) to 
avoid more than one sampling of the same treatment within a sampling 
block. These substitutions made necessary changes in 10 of 85 sampled 
plots on the Clinton site, 4 of 51 plots on the Bottomland site, and 5 of 
68 plots on the Lindley site. These were not considered important de­
partures fi*om completely randomized sampling. 
Plots were sampled at two depths, 0 to 6 inches and 6 to 18 inches. 
These arbitrary depths were selected instead of the more desirable 
san^Jling of profile horizons because it was necessary to avoid further in­
crease in the already large number of analyses. Sample borings were 
always made at approximately the same location within plots, with respect 
to slope, as shown in figure 6. 
Equal Tolxjmes of each sample as measured with con^jactly filled 8-
ounce tinned iron soil cans were mixed thoroughly to make up the one com­
posite sanple to be analyzed for each sampling block. The remainder of 
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oach sample was kept in a separate container, marked vdth the nxanber of 
the plot where sampled, and stored for such future analyses are may be 
planned. 
Methods of chemical analysis were essentially those coramonly used 
for soils, and in most cases were carried out in the laboratories of the 
Agronomy Department of Iowa State College, following the reconrnended 
techniques of that department. 
Organic carbon analyses -were made by the diy combustion method, essen­
tially that of the A. 0. A. C. (11)» Carbonate carbon v;as not determined, 
as it vras assumed to b© negligible or absent in soils of the acidity range 
concerned. 
Organic nitrogen was determined by the Gunning and liibbard (11) modi­
fication of the usual Kjeldahl method. Aimoonia and nitrate nitrogen were 
presumed to be negligible in the well-drained soils under consideration, 
and samples were not analyzed for these fractions. 
Total base exchange capacity was determined by the ammonium acetate 
leaching method of Che^man and Kelley (24), with distillation of ammonia 
directly fi"om the ammonium-saturated soil rather than from a leachate of 
dilute acid washing. Total exchangeable bases were determined by the 
titration method of Williams (97). Analyses for exchangeable calcium were 
made hy the potassium permanganate-calciiun oxalate titration method, using 
the Same solutions with which total bases had been determined. Analyses 
of pH were made with the glass electrode. 
Plqrsical analyses of the soil, in addition to the soil moisture 
studies outlined in the preceding section, included moisture equivalent 
and permanent wilting percentage determinations of sasi^les taken at the 
0 to 6 inch and 6 to 18 inch depths at the six moisture sanpling stations. 
Besides these, the preliminary investigation of water-stable aggregates 
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and pore space run on certain plots of the same sites by Mr. Henry S. 
Vifard Jr. produced results of value to this study, and a portion of these 
are presented through his courtesy. 
The moisture equivalent determinations followed essentially the well-
known technique of Briggs and McLane (19)• Permanent wilting percentages 
(wilting coefficients) were found by Veihmeyer's (92) sealed can modifi­
cation of the Briggs and Shantz (20) method. Dwarf sunflowers were used 
for the -wilting determinations. Tfllater-stable aggregates were determined 
by the Yoder (100) method and porosity by the method of Baver (14). 
Estimations of plant responses 
The diffictilty of measuring large numbers of plants in plots separated 
by considerable distances and within sufficiently short time intervals to 
be of most value for con^arisons of species and sites was recognized at 
the outset of the experiments. This requirement precluded the possibility 
of extensive use of the more exacting analyses of green •weight, dry weight 
and chemical composition. It was well appreciated, however, that these 
more refined techniques are fully essential to the thorough interpretation 
of plant response, and they were eiiployed in selected oases for informa­
tion supplementary to the broad field tests. 
Since it has been shown by Kramer and Weaver (50) and others that a 
low continuous cover is more effective in erosion-prevention than is a less 
widespread cover of greater vertical thickness, a method of rapid field 
measurement was devised to permit quantitative expression of "cubic cover." 
This single-value figure for individual mil-acre plots was calculated by 
multiplying the total number of plants times the average of 5 plants of 
semi-random selection times the average cross-section area of these same 
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plants. Counting the number of plants per plot was of course the most 
time-consuming of the operations, but less so than might be assumed, 
since the plants were in rows. Heights and "arerage maxinwm diameters" 
were measured to the nearest quarter-inch, and average maximuia diameters 
cross-section areas were readily taken from specially prepared tables 
based on circles of various diameters at quarter-inch intervals. The 
diameter measurements introduced some errors of personal interpretation, 
but reasonably good duplicates were obtained in test figures secured in­
dependently by the three persons taking the measurements. That this type 
of estimation vfas highly accurate in consideration of the short time 
necessary for each measurement ms sho-m in preliminary tests, in -which a 
correlation coefficient greater than +.80 was obtained between rankings of 
plots calculated as "cubic cover" and those determined independently from 
careful inspection by the three observers. 
It was believed to be more desirable for purposes of species and site 
oomparisons to estimate the growth response of a smaller number of plots 
within a relatively short sampling period than a larger number of plots 
during a longer sampling time. Since the species replications were -well 
distributed by randomization, it was thought sufficient for representative 
sampling in 1939 to sample three of the five plots of each of the two 
groups, with nurse crop and withoutj, arbitrarily choosing the first, third 
and fifth plots in the numerical sequence in each group. In 1940, the 
sairpling program took into greater account the variation of each species 
within sites, and each 10-plot replication of each species -was first 
grouped by independent rankings of two observers, later harmonized if 
necessary, into the three best plots, the three poorest plots, and the 
four intermediate plots. From each of these three quality groups, on© 
plot was further selected at random for counts and measurements. It v/as 
presumed that tho three plots of each species or mixture thus selected 
TTOuld give a more accurate picture of plant response than would three 
plots chosen entirely at random. 
All green weights reported were taken in a central laboratory® but 
extreme care -was provided to reduce evaporation to a minimuni while samples 
were being collected and brought from the field. Oven-dry weights were 
detemined by use of a ventilated electric oven in which drying was done 
at about 105®C. Analyses of total nitrogen# calcium and phosphorus con­
tent of plant sanities were inm according to the outlines of Loomis and 
Shull (55). Except where otherwise noted, all plant samples were collects 
in early ooming. Tests for cyanogenetic glucosides were made by the soditon 
piorate method. 
Results 
Habitat variability. 
Mioroolimate. During 1941, the final year in which field experiments 
were run# it was thought advisable to record the major climatic differ­
ences of 1941 from other seasons and the minor microclimatio differences 
between the three sites for that year. The mean monthly precipitation of 
the eight months, I4aroh to October, inclusive, on the Hillculture Farm for 
the years 1939, 1940 and 1941, is presented in table 7 with comparisons of 
the 26-year averages for the nearest U. S. Tifeather Bureau station. 
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Table 7. Mean monthly precipitation* March to Ootober> of the Hillculture 
Experimental Farm during 1939* 1940 and 1941» and the 26-year 
averages for the nearest U. S. Weather Bureau station at Bloom-
field* lom. 
Mean monthly precipitation (inches) 
ifoath Hillculture Experimental Farm 26-year 
1939 1940 1941 
average 
(Bloomfield) 
JSarch 3.54 1.75 0.60* 2.27 
April 3.15 4.06 2.88* 3.16 
liSay 2.09 2.66 3.63 5.09 
June 5.45 1.89 5.83 4.28 
July 1.57 3.46 2.24 3.73 
August 10.06 3.30 2.86 3.27 
September 0.59 0.11 6.40 4.19 
October 0.43 1.79 9.58» 2.35 
Totals 26.88 19.02 32.04 28.34 
•Taken from Bloomfield records. 
Kone of the three seasons had a normal distribution of rainfall. In 
total precipitation* 19S9 was nearest the long-time average, but more than 
one-third of the precipitation, March to October, fell in the one month of 
August. More than 7 inches of this fell in 5 days, August 7 to 11, inclu­
sive. Except for Jipril and August, the 1940 precipitation was deficient 
in all months, September being especially dry. In 1941* precipitation of 
the months March to August, inclusive* was considerably below average, but 
rain was excessive in September and October. 
Mean monthly temperature data of the Hillculture Farm for the same 
eight-month periods are tabulated in table 8 vdth con5)arisons of the 22-
year averages for the nearest Weather Bureau station. 
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Table 8. Mean montlily temperature, March to October, of the Mllculture 
liixp erimental Farm during 1939, 1940 and 1941, and the 22-year 
averages for the nearest U. S. V/eather Bureau station at 
Bloomfield, Iowa. 
Mean monthly ten^erature (°F.) 
Month Hillculture Experimental Farm 22-year 
average 
(Bloomfield) 1939 1940 1941 
March 36.3 34.5 39.8 37.5 
iipril 47.3 49.4 55.6 51.3 
May 69.2 58.7 67.7 62.3 
June 72.8 73.9 72.5 71.2 
July 78.4 81.8 77.5 75.4 
August 74.3 74.5 77.7 74.1 
September 66.1 64.9 67.9 65.8 
October 54.5 61.8 57.1 53.9 
Ten5)erature departures from noniial were not great in 1939, except 
during July, which averaged S degrees above the long-time average. Mean, 
monthly ten5>eratures of July 1940 were also much above normal, averaging 
6.4 degrees above the 22-year mean. The year 1941 was abnormally warm 
throughout, August 1941 being 3.6 degrees higher than the long-time 
average. Late July and early August were especially hot, as shown in 
tables 10 and 11 and figure 8. 
During the 1941 season, weather stations were set up on each of the 
ea^jerimental legume sites. Locations of these stations are showa in 
figure S. Comparative data of mean daily porous-cup evaporation, mean rela­
tive humidity for the E and 4 p. m. readings, and mean vand velocity are 
presented in table 9 and figure 7 for the approximate 10-week period, June 
29 to September 4, inclusive. During most of this period, evaporation was 
lowest on the Bottomland site, highest on the Lindley site and intermediate 
on the Clinton site. Relative humidity data were comparable, with the 
Table 9» Comparative evaporation, relative humidity and wind velocity data for the three 
experimental legtirae sites, June 29 to September 4, 1941. 
Mean daily porous cup Mean relative humidity. Mean wind velocity^ 
evaporation 2 and 4 p. m, (miles per hour) 
(oc«) (percent) 
Clinton Bottomland Lindley Clinton Bottomland Lindley Clinton Lindley 
site site site site site site site site 
June 29-July 3 8.1 6.9 7.9 69.6 67.6 66.6 3.9 1.9 
July 4-July 10 21.4 17.7 22.9 63.9 63.0 62.4 3.2 1.6 
July 11-July 17 22,1 14.0 19.1 61.6 62,4 60,4 3.0 1.5 
July 18-July 24 35.1 33a 42.9 53.4 52.3 47,3 3.2 1.7 
July 2S-July 31 45.4 37.1 53.3 51.7 52.6 46,4 3,2 1.8 
Aug. 1-Aug. 7 41.4 33.6 48.1 49.6 50,6 44.9 2.4 1.4 
Aug. 8-Aug, 14 47.0 34.7 52,0 50.6 51,7 46,9 3.7 2.0 
Aug, 15-Aug, 21 19,3 14,9 24.9 58.9 59,7 56.6 2.9 1.5 
Aug, 22-Aug, 28 22.1 19.9 27,9 55,3 56.9 53.5 3.5 1.7 
Aug, 29"Sept. 4 23.S 21.7 28.0 64.3 66.8 61.6 4.8 2.5 
velocity not recorded for Bottomland site. 
58-
< 50-
DOTTOMUAND SlTK" 
L\HDLE.V SITE 
M.RH 
S <bQ 
01 
JUNE 29-JULY JULY JULY JULY AUG. AUG. AUG. AUG. AUG,29-
JULY2> 4-iO U-17 \8-Sq-e5-3\ \-7 e-\4- e£-c6SEFT.4-
1Q4-! 
Figur© 7« Meaii daily evaporation! raaan relative himiditj' (2 and 4 
p®m.) end mean wind velocity for the approxiniate lO-week 
period* June 29 to September 4j 1941» on the throe ex­
perimental legume sites. 
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Lindley site consistently lower than the Clinton site in this measurement. 
During most weeks, the lowland site had the highest relative hximidity. 
Mnd velocity was not measured in 1941 on the Bottomland site# but of the 
two upland sites, the Clinton area gave consistently higher wind readings, 
resulting from greater exposure to wind from south and west. Readings 
taken with a hand anemometer at intervals in August and September of 1940 
had shown the Clinton site always to have greater average wind velocity 
than the Bottomland site, the smallest recorded difference being 0.5 mile 
per hour and the largest 3.4 miles per hour. 
Comparative data of daily maximum and minimum air temperatures and 
maximum soil ten^eratures are given in table 10 eJid figure 8. The tempera;-
ture differences of the microclimate of the three sites are less distinct 
than are the differences of wind and atmospheric moisture. During the 
last seven weeks of the period shown in table 10 and figure 8, the Lindley 
site had higher mean maximum air temperatures than did the Clinton site. 
This was particularly true during the period July 18 to August 14, when 
temperatures were highest. Mean minimum temperatures, on the other hand, 
were always lower on the Lindley than on the Clinton site. During the 
period June 29 to August 7, mean maximum soil tengjeratures were consist­
ently higher on the Clinton than on the Lindley site, but during the re­
mainder of the period to September 4, the reverse was true. The reason 
for this shift was not immediately apparent. 
Site differences in microclimate will be most apparent from inspection 
of table 11 which shows the comparative data of evaporation, relative 
humidi'ty, wind velocity, maximum and minimtaa air temperature and maximum 
soil temperature for the week of July 25 to 31. From this table, it will 
seen that total daily porous cup evaporation on the Lindley site ranged 
Table Gomparativs average daily maximum air temperature, minimum air temperature, and maximum 
soil temperature for tha three ecsperimental legume sites, June 29 to September 4, 1941. 
Maximum air temperature Minimum air temperature Maximum soil temperature 
Op, Op, Op, 
Period 
Clinton 
site 
Bottomland 
site 
Lindley 
site 
Clinton 
site 
Bottomland 
site 
Lindley 
site 
Clinton 
site 
Bottomland 
site 
Lindle 
site 
June 29-July 3 87.4 87.4 89.0 61.4 59.6 60.8 91.0 90.8 89.2 
July 4-July 10 89.5 88.4 88.7 59,9 57.4 59.1 91.1 88.6 87.7 
July 11-Jvily 17 86.4 85.3 86.1 56.9 54.5 56.3 87,4 82.6 81.0 
July 18-July 24 95.9 96.9 99.0 63.6 60.7 62.4 96.6 95.3 96,1 
July 25-July 31 102.1 101.3 105.6 70.3 67.3 69.7 104.1 103.7 104.0 
Aug. 1-Aug. 7 99.4 98.4 101.0 63.9 60.4 63.0 106,3 103.6 104,9 
Aug, 8-Aug, 14 98.6 97.0 99.9 65.7 63.6 65.6 103.1 101.0 103,4 
Aug, 15-Aug. 21 83.1 82.6 83.7 60.0 57.3 59.4 86,9 87.0 87,9 
Aug. 22-Aug, 28 85.0 86.0 86.6 58.9 57,0 58.6 86,6 88.1 89,1 
Aug. 29-Sept, 4 89.9 90.4 91.7 67.6 66.4 67.4 89,1 92.1 91.9 
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experimental legume sites. 
Table Gcanparative daily mximum air temperature, minimum air temperature, maximum soil tempera­
ture, evaporation, relative humidity and v^ind velocity data for the three experimental 
legume sites during the period July 25 to July 31, the weak of most severe olimatic 
conditions of the 1941 grcsiring season. 
l&ximum air tonperature Minimum air temperature ISaximum soil temperatiire 
Op. op. Op, 
Date 
Clinton Bottomland Lindley Clinton Bottomland Lindley Clinton Bottomland Lindley 
site site site site site site site site site 
July 25 103 105 108 66 62 65 100 101 100 
" 26 100 100 105 66 63 65 102 102 102 
" 27 101 99 105 68 66 68 100 102 101 
« 28 104 104 108 72 69 72 106 106 106 
" 29 107 106 110 76 70 75 108 108 108 
" 30 98 97 100 71 70 71 106 lOS 105 
" 31 102 98 103 73 71 72 107 104 106 
Total daily porous oup Mean relative humidity. Mean wind velocity^ 
evaporation 2 and 4 p. m. (miles per hoiir) 
(oc.) (percent) 
" 
Clinton Bottomland Lindley Clinton Bottomland Lindley Clinton Lindley 
site site site site site site site site 
July 25 37 38 46 60.5 59.0 55.5 3.1 1.9 
» 26 35 32 42 53,0 53.5 45.5 2.6 1.8 
" 27 46 34 51 52.0 54.5 47.0 3.6 1.7 
" 28 59 45 71 49.0 51,0 44.5 5.5 2.7 
" 29 61 49 73 46.5 47.0 42,5 4.0 2.5 
" 30 38 28 42 54»C 56.5 49.5 1.9 1.3 
» 31 42 34 49 47.0 47.0 40.0 1.5 1.1 
%ind velocity not determined for Bottomland site. 
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from 42 to 71 QQ on the Lindley site during this week of high e-yaporation 
stress, while comparable figures for the Clinton and Bottomland sites were 
35 to 61 cc and 32 to 49 cc respectiTely. The average difference in the 
daily maximura air temperatures betv/een the Ldndley and Clinton sites during 
this v/eek was 3.4°P.j the Lindley site "being the higher. The days of 
July 28 and July 29 offered probably the most severe conditions for plant 
grovrth during the summer of 1941, since high air and soil temperatures, 
high v;ind velocity and low relative humiditj'- occurred together. 
Physical properties of noil. The extreme variability of the experi­
mental legume sites was not fully appreciated at the outset. Hovrever, the 
randomization of locations of tho plots for each species treatment and the 
sampling design for the con^ositing of soil for chemical analyses were sudii 
that measurement of soil differences within sites vias not difficult. In 
several oases, these differences within sites v/ere much greater than the 
meeoi differences betv/een sites. 
Depth of topsoil. One of the physical soil properties considered imr-
portant for measurement v/as the depth of remaining topsoil. Both the Clin­
ton and Lindley sites had been considerably eroded, and certain areas on 
each site had had nearly all topsoil removed. "Topsoil depths" presented 
in table 12 and figure 4 are only approximations and in many cases probably 
represent thickness of erosion-deposited darker colored materials. Table 
12 and figure 4 show that the Clinton silt loam site had been most serious­
ly eroded, the southwest corner of this site being particularly devoid of 
topsoil. However, there had been considerable mixing of the surface soil 
with cultivation of the Lindl^ loam site, and some of the topsoil figures 
for this site probably include mixed A and B horizons. The Bottomland 
site showed more evidence of deposit than of erosion, and the surface soil 
in this relatively immature soil is not sharply differentiated from lower 
Table 12. Average topsoil depth of the sampling blocks from xvhich composited soil sampled for 
chemical analyses were taken in the Clinton silt loam. Bottomland and Lindley loam 
legume sites. The soil in the Bottomland site is an inurBature alluvium related to Ray 
fine sandy loam. 
Clinton silt loam site Bottomland site Lindley loam site 
Sampling 
block 
no. 
number 
of 
borings* 
Ave. depth 
to nearest 
half inch 
Sampling 
block 
no. 
Number 
of 
borings* 
Ave. depth 
to nearest 
half inch 
Sampling 
block 
no, 
Number 
of 
borings 
Ave. depth 
to nearest 
half inch 
C-1 4 8.0 B-1 11 10.5 L-1 8 5.0 
G-2 6 4.0 B-2 7 11.5 L-2 9 4.0 
C-S 4 3.5 B-3 8 12.0 L-3 8 3.0 
C-4 6 4.0 B-4 8 11.0**(0,5) L-4 7 3.0 
C-S 4 3,5 B-5 9 10,5**(2.0) L-5 8 5,0 
0-6 8 4.0 B-6 6 10.0*'*(2.0) L-S 8 3.5 
0-7 7 4.0 B-7 8 9.0**(3.5) L-7 8 5.0 
C-8 7 1.5 D-8 7 9.0**(3.5) L-8 8 6.0 
C-9 5 1.5 
C-10 8 4.0 
C-11 6 2.5 
*Every third plot in the numerical sequence of field plot numbers -was sampled. The varying number 
of borings per sampling block results from different numbers of plots per block. 
**Pigures in parentheses represent ovenvash deposits. 
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horizons. The upper rovrs of plots on this site had varying amounts of 
deposit of overwash material from an adjacent slope of "badly eroded 
Ldndley loeitiy as shoiim by the numbers in parentheses in table 12 and 
figure 4. 
Vfeter-stablis. aggregates and porosity. Through the courtesy of Mr. 
Henry S. Ward Jr., v/ho is studying the effects of different leguminous 
species upon soil stmcture on the same sites, the Eussell (75) "coeffi­
cients of aggregation" porosity data and for plots of Desmanthus illinoen-
sis are presented in tables 13 and 15. In this species the poor estab­
lishment and characteristic dearth of organic matter added by plant shoots 
gave essentially bare plot conditions. Table 13 also presents the per­
centages of total water-stable aggregates as determined by the Yoder (100) 
Table 12. Coefficients of aggregation and percentages of total water-
stable aggregates -with an average diameter greater than 1 
millimeter for ten poorly vegetated Desmanthus illinoensis 
plots each of the Clinton silt loam," Bottomland and Lindl^ 
loam legume sites. 
Coefficients of aggregation Percent aggregates greater 
than 1 millimeter 
Clinton Bottomland Lindley Clinton Bottomland Lindlqr 
154 209 213 1.6 13.0 13.5 
160 192 200 1.9 14.3 10.2 
162 189 214 1.0 8.1 17.4 
151 516 234 1.8 26.4 17.5 
146 268 198 1.4 17.6 10.2 
166 271 233 1.6 15.3 14.9 
179 252 203 2.4 17.5 12.4 
176 281 155 2.5 16.4 4.3 
179 285 196 1.8 14.7 9.0 
199 240 187 4.5 11.2 8.8 
167 250 203 
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method which were greater than 1 nnn in average diameter. Table 13 shows 
the soil of the Bottomland site to be best aggregated of the three sites> 
with the Clinton silt loam most poorly aggregated and the Lindley loam 
intermediate. The differences of aggregation between the two upland sites 
is even more apparent from the relatively much smller fraction of the 
total aggregates which -was included in the greater than 1 mm class on the 
Clinton than on the Lindley site. 
Table 14 presents the same data as table 13 mth the coefficients of 
aggregation* in some cases averages of tvio or more, listed by sampling 
block (see figure 6) for purposes of comparison -with the chemical analyses 
which were made of composited soil samples from the same blocks. 
Table 14. Coefficients of aggregation of poorly vegetated Desmanthus 
illinoensis plots included in sampling blocks in which soil 
san^iles for chemical analyses also were collected. 
Clinton site Bottomland site Lindley site 
Sampling 
block 
Aggregation 
coefficient 
Sampling 
block 
Aggregation 
coefficient 
Sas^ling 
block 
Aggregation 
coefficient 
C-2 154 B-2 201 L-1 213 
C-3 160 B-3 189 Ir-2 207 
C-5 162 B-5 275 h-5 254 
C-6 159 B-6 268 lr-5 211 
C-7 146 B-7 285 L-6 155 
C-8 189 Lr7 187 
C-9 178 L-8 196 
Data of total non-capillary and capillary pore space for the same 
Desmanthus illinoensis plots of the Clinton silt loam site as presented in 
table 13 are shown in table 15. 
-67-
Table 15. Percentages of total, capillary and non-capillary pore space 
and coefficients of aggregation of soil from poorly vegetated 
Desmanthus illinoensis plots of the Clinton silt loam site. 
Coefficient of 
aggregation 
Total pore 
space 
(percent) 
Capillary pore 
space 
(percent) 
Non-oapillaxy 
pore space 
(percent) 
154 56.5 39.S 17.2 
160 57.4 41.3 16.1 
162 57.8 41.3 16.5 
151 56.S 40.9 15.4 
146 53.1 41.4 11.7 
166 56.S 40.2 16.1 
179 51.2 33.9 17.3 
176 56.3 36.1 20.2 
179 47.8 34.5 13.3 
199 45.9 33.9 12.0 
Hone of these plots approaches the ideal proportion of approximately 
equal division of capillary pore space and non-capillary pore space (15). 
Soil moisture. Since soil moisture -was expected to be a critical 
factor in plant establishment and gro-mth at certain periods on both the 
Clinton and Lindley site, tvjo soil moisture sainpling stations were set up 
on each of these sites as well as on the Bottomland site. For each site, 
the two sampling stations were chosen to represent moderate extremes of 
soil laoisture conditions for the particular habitat, thus permitting measure­
ment of the probable range of soil moisture values for the site. Table 16 
presents the mean total soil moisture contents of the three legume sites 
in 1939 and 1940 as measured by season averages of the two stations on 
each site. The obvious difference in soil moisture conditions of the t-wo 
years is shoTjn in the great increase in moisture in 1940 in the upper 36 
inches of soil of both of the upland sites as compared to the Bottomland 
site. 
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Table 16» Mean positive differences in total soil moisture percentages 
at seven depths "between the Clinton silt loam* Bottomland 
and Lindley loam legume sites (averages of upper and lovrer 
moisture sai!5)ling stations on ©aoh site)* June 2 to Hovemtoer 
29e 1939* and June 6 to Hovember 5, 1940. 
Mean difference . Mean difference , Mean difference * * 
between between 
of s 
sample : 
Clinton 
site 
Bottomland : 
site s 
Clinton Lindley j 
site site : 
Bottomland 
site 
Lindley 
site 
June 2 - November 29, 1939 
0-6" 0.18 1.92 2.10 
6-12" 0.53 0.55 0.02 
12-24" 1.09 4.08** 2.99** 
24-56" 1,85** 1.96** 0.11 
36-48" 1.76** 1.65** S.41** 
48-60" 0.80* 3,06** 3.86** 
60-72" 0.54 
June 
4.03** 
6 - November 5» 1940 
4.57** 
0-6" 0.50 0.21 0.29 
6-12" 2* 34 • 1.21* 3,56#* 
12-24" 2.37** 7.20** 
24-36" 0.83 3.83** 4.66** 
36-48" 0.61 1.27 0.65 
48-60" 0.98 0.34 1.32 
60-72" 0.89 1.83 2.73** 
•Significant. 
••Highly significant. 
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Aa it is not total soil moistursi but available moisture v^hich is of 
in^ortance to plant development, analyses of samples from each of the six 
legume moisture sampling stations for permanent 7/ilting percentage and 
moisture equivalent -rrere made. Table 17 presents the results of these 
determinations. 
Table 17. Permanent mlting percentages and moisture equivalents of soils 
from the six moisture sampling stations of the three experi­
mental legume sites. 
Moisture 
sampling 
station* 
Permanent wilting percentage Moisture equivalent 
0-6" depth 6-18" depth 0-6" depth 6-18" depth 
T^per 
Clinton 7.30 8.74 15.59 19.52 
Lower 
Clinton 5.95 9.70 15.21 20.58 
l^per 
Bottomland 4.41 5.84 7.03 15.54 
Lower 
Bottomland 6.99 5.83 15.50 13.93 
Upper 
Lindley 5.28 10.96 11.50 20.81 
Lower 
Lindley 8.48 11.5? 16.05 21.43 
•Locations shorn in figure S. 
Table 17 shows that assigning an equal total soil moisture content, 
the Bottomland site showed the expected greatest availability of soil 
water, with the Clinton site having somewhat better water relations than 
the Lindley site, particularly at the 6 to 18 inch depth. 
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Using these peraGUient vdlting percentage determinations as a basis 
for calculations of available soil moisture by subtraction from total 
soil moisture data, the results presented in table 18 and figure 9 for 
1939 and table 19 and figure 10 for 1940 were obtained. 
In most cases sample borings for soil moisture determinations were 
made at short intervals for all of the legume sites without intervening 
precipitation. However, for the first reading in June 1940, the high 
relative values for the Bottomland and Lindley sites are the result of 
precipitation which fell between the time of sampling the Clinton site 
and these sites. Since these records are not continuous but taken at 
a.bout twice monthly intervalsj they do not give a complete picture of th© 
duration of periods of abundant and deficient moisture. Nevertheless, for 
purposes of comparison between sites of soil moisture at the same depths, 
they msy be used for habitat differentiation. Soil moisture under southern 
Iowa conditions is seldom limiting before late June or July, and was ade­
quate during spring and early summer of 1939, 1940 and 1941« Later in the 
STAmmer, water often is a critical edaphic factor, and figures 9 and 10 
show that in the 0-6 inch layer of the Lindley site, soil moisture con­
tents below the wilting point occurred at least once in July in both 19S9 
and 1940. Hear wilting conditions no doubt occurred on the Clinton site 
at the same times. Data in tables 18 and 19 and figures 9 and 10 m^ 
probably be interpreted to indicate that except for the periods in July 
indicated, soil moisture was not a limiting growth factor, with the ex­
ception of short periods of high evaporation stress. 
Table 18, Percentages of available moisture of the soils of the six moisture sampling stations 
of the Clinton silt loam. Bottomland and Lindley loam legume sites, season of 1939. 
The percentages listed v/ere calculated from determinations of total soil moisture at 
the dates of sampling less the determined permanent vvilting percentages of samples 
taken from the same stations. 
lelbisture sampling stations 
Clinton site Bottomland site Lindley site 
Inclusive Upper Lower Upper Lcstier Upper Lower 
sampling station statical station station station station 
0-6" 6-18" 0-6" 6-18" 0-6" 6-18" 0-6" 6-18" 0-6" 6-18" 0-6" 6-18" 
depth depth depth depth depth depth depth depth depth depth depth depth 
June 2-5 8 .80 9, .66 11 .12 7, .54 4.04 12. 01 4,22 11. 18 4. 47 12 .78 -1. 49 6. 64 
June 27-29 12 .42 11. 01 11 .99 9, .85 6.59 11, .37 15.08 17. 38 6, 10 10 .13 6. ,30 9, 88 
July 20-21 -1 .47 2. ,67 4 .85 5. 72 1.17 4, ,23 2. 08 7. ,47 1, .94 5 .47 -5. 51 2, .00 
August 14-15 8 .64 4, .22 10 .17 8. 21 6.35 12. ,06 15.77 16, 97 6. 99 4 .52 15, .77 13. 92 
Sept«nber 5-7 6 .45 8, .24 6 .44 6. 33 4.7S 8, .19 11, .54 14. ,30 1. 74 5 .83 4. 71 8. 68 
Sept^ber 21-22 1 .59 7, .12 5 .81 4. ,70 3.15 6. 50 7. 83 13. 30 -2. 18 3 .49 4. 67 8, ,32 
October 3-4 —1 ,02 2. 55 3 .63 5. 58 2.59 4. 50 7.84 11, .88 -0. 98 1 .27 -0. 68 5. 84 
October 16-18 0 .83 6, .35 3 .02 5. 90 0.87 6. 51 6, 97 10. 62 -1, .27 3 .50 -0. 47 6. ,39 
November 6-8 1 .16 3, 67 4 .02 5, 79 1.46 7. 01 10. 81 13. 65 4, .37 6. 37 6, ,07 7. ,32 
Averages 4 .16 64 .17 6 .76 6. 62 3.44 8, ,04 9, .13 12. ,97 2, 35 5, .93 3, 26 7. ,66 
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Table 19. Percentages of available moisture of the soils of the six moisture sampling stations of 
the Clinton silt loam, Bottoialand and Idndley loam legume sites, season of 1940. The 
percentages listed were calculate from determinations of total soil moisture at the 
dates of sampling less the determined permanent wilting percentages of samples taken 
from the same stations. 
Moisture sampling stations 
Clinton site Bottomland site Lindley site 
Inclusive Upper Lower Upper Lower Upper Lower 
samplinK station station station station station station 
dates 0-6" 6-18»' 0-6" 6-18" 0-6" 6-18" 0-6" 6-18" 0-6" 6-18" 0-6" 6-18" 
depth depth depth depth depth depth depth depth depth depth depth depth 
lliroh 5-7 •
 
CO 
61 14. ,58 25 .03 14 .39 13. ,00 12 ,59 22. ,52 19, 19 14. 12 13. ,09 14 .89 11 ,43 
Ifeiroh 20-21 19. 31 16. 33 18 .25 13 .47 10,71 14 ,62 21, 97 19. ,10 15. 21 12. ,00 14 .14 10 .65 
April 2-3 13. 97 12, .08 13 .64 10 .00 8. ,61 10 ,77 14, 84 15. 69 8. 23 8. ,35 6 .49 10 .01 
April 18-19 19. 78 14, ,76 18 .00 10 .72 9, ,69 12 ,85 17, 14 18. ,44 9. 51 11. ,96 11 ,04 10 •22 
my 1-3 17. 14 IS. 56 15 .76 10 .47 6. 26 12 .33 16. 40 16. 90 9. ,69 9, ,08 12 .44 11 .74 
my 15-16 12, 02 11, 62 10 .03 7 .82 5. ,73 10 .62 13, 97 15, 73 6. ,31 10a ,21 6 .61 7 .73 
June 6-13 6. 99 9. ,27 5 .69 6 .75 10. 20 9 .07 14. 90 14. ,04 8. ,72 8. ,48 7 .36 8 .07 
June 25-July 1 6. 54 8, ,95 5 .77 5 ,11 3. ,29 6 .18 4. ,80 8, ,12 5. ,09 7, 85 4, 56 7 ,38 
July 23-24 4. 03 8. ,85 2 .71 5 .44 0. ,78 8 .63 -0. 76 3, 77 —0. ,11 7. 09 -1 .21 7 .01 
August 16 10. 82 10. ,13 7 .58 6 .45 6. 04 8 .69 3. ,57 8, ,33 8. ,57 10. 51 7 .54 8 .41 
September 5-6 6. 72 9. ,99 5 .48 5 .32 4. 70 10, .02 4, ,83 8. 91 5, 15 8. 56 8 .40 8 .95 
October 22-23 3. 92 7. ,48 2, 80 2 .96 5. 66 6 .22 6. ,76 7, .60 5, 37 7. 13 3 .90 5 .81 
November 5-6 3. 69 7. ,71 6 .11 4. 83 2. 14 6, 34 7. ,90 7, ,71 4. ,90 6. 56 4, .09 11 ,15 
Averages 10. 42 11, ,77 10 .53 7 .98 6. 68 9 .92 11. ,45 12. 58 7, ,75 9. 30 7, .71 9 .12 
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Chemioal properties of soil. An extensive soil analysis program of 
00115)0sited samples from the sampling blocks shovm in figure 6 was begun 
in the late summer of 1940. Determinations were made of orgaxiio raatter 
content as represented by total nitrogen and total carbon, of base-
exchange qualities* as represented by total base exchange capaci-ty, total 
exchangeable bases and exchangeable calcium^ and of pH. Results of these 
analysesj in which extreme but rather consistent variations irithin sites 
were found, are presented in figures 11 and 12 and in tables 20, 21, 22, 
23, 24, £uid 25. 
It is believed that figures' 11 and 12 mark the first use of graphing 
of soil qualities in the polygonal form which permits simultaneous repre­
sentation of variation in several factors. Siinilar graphs have been used 
by Hutchinson (46), Carl (23), Smith (86) and others for presentation of 
various data since Lutz (56) first introduced the phytograph in 1930. Be­
cause of its employment in this new connection, the polygonal graph as 
used here is described in the following paragraph. 
An equilateral polygon is constructed vath radii equal in number to 
the variables to be plotted. Within this polygon is dra'wn a small concen­
tric polygon whose radii are concurrent with those of the large outer 
polygon. The radial distances from the perimeter of the inner polygon to 
the perimeter of the outer polygon are divided into appropriate units to 
cover the entire range of values of each variable as fo\md in the experi­
ments. in plotting eaqjeriinental data, the point of intersection of the 
perimeter of the inner polygon with a radius equals the smallest value ob­
served for a particular variable, with larger values plotted outward along 
the radius and the largest value plotted at the intersection of the radius 
with the perimeter of the large polygon. Similar graphing of the other 
variables is made. 75hen the plotted points of the variables are connected. 
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the resulting irregular polygon measures the simultaneous variation of 
the several properties which were investigated. Relative areas of these 
polygons therefore indicate in general the comparative integrated quali­
ties of the larger units -whose components vjere measured. 'When increase 
in all variables, within their observed range, is considered favorable to 
plant growth, as is true -with the soil properties for the 0 to 6 and 6 to 
18 inch depths plotted in figures 11 and 12, increased polygonal area is a 
definite measure of more favorable habitat conditions. The small inner 
polygon is used merely to give greater symmetry to tlie plotted polygons. 
Its area, although a constant, is not to be included in comparing areas of 
the plotted polygons, since it represents a varying percentage of the total. 
Inspection of figures 11 and 12 shows veiy graphically the differences 
vfithin and between sites in soil chemical properties at the 0 to 6 inch 
and 6 to 18 inch depths. The scale which accompanies graphs of both 
depths is plotted in equal units to permit comparison of differences be­
tween san5>ling blocks at the same depth as well as differences between 
depths. It will be noted that in chemical properties, exclusive of avail­
able soil moisture and other physical qualities, the Bottomland site was 
generally the most favorable habitat -tvith the Clinton site the poorest and 
the Lindl^ site intermediate. This relation is particularly true at the 
6 to 18 inch depth, where most of the sampling blocks on the Bottomland 
site have better chemical qualities than do several of the Clinton site 
sampling blocks at the 0 to 6 inch depth. A "fertility index" calculated 
by taking the weighted mean of the six properties (carbon, nitrogen, ex­
changeable calcium, total exchangeable bases, pH and percentage base satu­
ration) for each sampling block showed a correlation with plant response 
which was highly sigaificant statistically, although some of the component 
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individual properties themselves were not significantly correlated with 
grov/th. 
Table 20 presents the percent total carbons percent total nitrogen* 
carbonjnitrogea ratio, total base exchange capacity, total exchangeable 
bases, exchangeable calcium, pH and percent base saturation of each of the 
11 soil sampling blocks of the Clinton silt loam site at the 0 to 6 inch 
depth. Table 21 shows similar data for the 8 sampling blocks of the 
Bottomland site aad table E2 for the 8 sampling blocks of the Lindley loam 
site. The results of the same analyses at the 6 to 18 inch depth for the 
Clinton site is presented in table 23, for the Bottomland site in table 24 
and for the Lindley loam site in table 25. 
Total carbon content of soil. The percentage of total carbon on an 
oven-dry basis showed extreme variation within sites but in most cases less 
Variation betweeai sites. The analyses showed carbon content at the 0 to 6 
inch depth varied from 0.75 percent to 1.57 percent in the Clinton site, 
from 0.88 to 1.58 percent in the Bottomland site, and from 0.86 to 1.11 
percent in the Lindl^ site. At the 6 to 18 inch depth, analyses showed 
the ranges to be 0.58 to 0.82 percent in the Clinton site, 1.10 to 1.58 
percent in the Bottomland site and 0.41 to 0.84 percent in the Lindley site. 
Variation within sites was highly significant statistically in all oases. 
In the comparison between sites, there vra.s no significant difference in the 
carbon content of the 0 to 6 inch layers. At the 6 to 18 inch level, the 
carbon content differences between the Clinton and Bottomland sites and 
between the Lindley and Bottomland sites, was highly significant. Organic 
matter, as measured by carbon, was not significantly different in the 6 to 
18 inch layers of the two upland sites. There was also no significant 
difference in barbon betvjeen the 0 to 6 inch and 5 to 18 inch layers of 
soil in the Bottomland site. Both of the upland sites showed the expected 
Table 20, Summary of results of various analyses of composited soil samples from the 0-6 inch 
depth of the Clinton silt loam legume site. 
Sampling 
Block No. 
Peroent 
c* 
Peroent 
N* 
C»N 
ratio 
Total base 
exchange 
capacity 
** 
Total 
exchangeable 
bases 
*• 
Exchangeable 
caloiuia 
PH Percent 
base 
satiiration 
G-1 1.39 O.IS 11.0 a 16.55 10.44 7.45 5.15 63.1 
C-2 1.43 0.13 ii.ou 15.80 9.79 6.90 4.45 62.0 
C-3 1.57 0.14 11.Ill 16.92 10.79 6.82 4,79 63.8 
C-4 1,06 0.10 10.7a 11.05 7.34 4.49 4,92 66.4 
C-5 1.27 0.11 11.2:1 14.20 8.83 5.58 4.90 62.2 
C-6 1.18 0.10 11.4tl 8.76 6,27 4.22 5.36 71.6 
C-7 1.18 0.11 lO.Sjl 13.98 8.39 7.54 4,83 60.0 
C-8 0.75 0.07 10.7il 6.11 4.34 3.78 5.35 71.0 
C-9 0.83 0.07 11.4:1 7.20 5.40 4.23 5.16 75.0 
C-10 1.10 0.09 11.7»1 9.85 6.16 4.72 5.35 62.5 
G-11 1.03 0.09 11.2:1 15.27 8.21 5.42 4.86 53.8 
Percentages expressed on an oven-dry tasis. 
**Milliequivalents per 100 grams of oven-dry soil. 
Table 21 • Summary of results of various analyses of composited soil samples from the 0-6 inch 
depth of the Bottomland legisme site. The soil is a relatively Immature alluvium 
related to Ray fine sandy loam. 
Sampling 
Block No* 
Peroent 
0* 
Percent 
N* 
CiH 
ratio 
Total base 
exchange 
capacity 
Total 
exchangeable 
bases 
** 
Exchangeable 
calcium 
** 
pH Percentage 
base 
saturation 
B-1 1.58 0.13 12.2j1 14.86 12,51 9,08 5,25 84,2 
B-2 1.45 0.12 12,3:1 15.81 13,14 9,40 5,39 83,1 
B-3 1.36 0.11 IS.Otl 14,42 12,77 9,73 5.19 88,6 
1.11 0,09 12.1tl 10,05 8.59 6,49 5.75 35.5 
D«5 1.09 0.09 12.7:1 9.63 8,34 6,08 5.70 86.6 
B-6 0.97 0,08 12.6x1 9.45 8,79 7,01 5.93 93.0 
B-7 0.88 0.08 11.4:1 9.31 7,48 5.16 5.54 80.3 
B-8 0.94 0,08 12.4:1 9,64 7,69 5,26 5,41 79,8 
^Percentages eatpresssd on an oven-dry tasis. 
^''"Milliequivalents per 100 grams of oven-dry soil. 
Table 22 • Summary of results of various analyses of composited soil samples frora the 0-6 inch 
depth of the Lindley loam legume site. 
Samplins 
Blook No. 
Percent 
0* 
Percent 
N* 
CsH 
ratio 
Total base 
exchange 
capacity 
Total 
exchangeable 
bases 
** 
Exchangeable 
oalcim 
** 
Percentage 
base 
saturation 
L-1 1.00 0.09 11.4sl 10,62 9,46 7.93 5.40 89,1 
1,-2 1,02 0,08 IS.Ssl 12.34 11,01 9,38 5.76 91,0 
I.-3 0.89 0,07 IS.ljl 6.96 6,42 5.65 5.93 92,2 
L-4 0.86 0,06 14.8 si 7.66 7,09 6.32 6.11 92.6 
L-5 1.00 0.09 11,1:1 9,84 9,06 7,43 6,07 92,1 
LrS 1.11 0.09 IS.ltl 10.68 10,14 8,30 5,63 94,9 
L-7 1,11 0.12 9.ia 14.16 13.37 11.03 6.21 95.2 
L"8 1,08 0.11 9.5il 14,98 14.15 11,72 6.14 94.5 
*PBroentages expressed on an oven-dry basis. 
Milliequivalonts per 100 grams of oven-dry soil. 
Table 23. Summary of results of various analyses of composited soil samples from the 6-18 inch 
depth of the Clinton silt loam legume site. 
sampling 
Blook Ho. 
I^roent 
C* 
Percent 
N* 
CiN 
ratio 
Total base 
exchange 
capacity 
Total 
exchangeable 
bases 
** 
Exchangeable 
calcium 
pH Percent 
base 
saturation 
G-1 0.82 0,07 11,4j1 24.57 15,73 10.13 4.57 64,0 
C-2 0,65 O.OS ll.Gil 22,04 11.96 7.04 4.45 54.3 
C-3 0.7S 0,07 ll.Zii 23.71 12.61 8.25 4.47 53.2 
C-4 0.64 0.05 11.9 si 13.03 6.52 4.26 4,50 50.0 
C-5 0.63 0.06 ll.Ssl 21.85 14,12 7,81 4.49 64,3 
C-6 0.58 0.05 n.ea 9,53 6,61 4.43 4.72 69.4 
0-7 0,61 0.06 10,5:1 15.43 10.40 6.38 4.47 63.3 
C-8 0,59 0,04 14.4sl 7.73 5,06 3.55 4.61 65,5 
C~9 0,61 0.04- 1S.9j1 8.44 5.38 3.64 4.41 63.7 
C-10 0,58 0,04 13,2»l 10.23 7,50 4,24 4,54 73,3 
C-11 0.59 0,05 ll.Bjl 20.46 12.54 7.09 4,36 61,3 
Percentages expressed on an oven-dry basis. 
Milliequivalents per 100 grams of oven-dry soil. 
Table 24, Summary of results of various analyses of composited soil samples from the 6-18 inch 
depth of the Bottomland legume site. The soil is a relatively imature alluvium 
related to Say fine sandy loom. 
Sampling 
Bleck No. 
Percent 
0* 
Percent 
K* 
OsN 
ratio 
Total base 
exchange 
cai».oity 
Total 
excheuigeable 
bases 
Exchangeable 
calcium 
it»t< 
pH Percentage 
base 
saturation 
B-1 1,58 O.IS IS.Stl 13.8S 10,84 9,51 5.20 78.4 
B-2 1.28 0,10 12.9sl 14,41 11.52 9.79 5,22 79.9 
B-3 1,10 0.08 1S.6j1 14.62 11.39 9,48 5,11 77.9 
B-4 1.44 0.11 12.7»1 11.95 10,56 8,09 5,10 88.4 
B-5 1.S3 0.10 12.8:1 11,63 8,09 7,14 4,95 69.6 
B-6 1.16 0.09 lS,2tl 11.17 8,52 7,14 5.07 76.3 
B-7 1.10 0.08 iS.Ssl 10.61 8.89 6,56 5.15 83.8 
B-8 1.11 0.09 12.9sl 11.03 7.11 5,68 5,02 64.5 
*Peroentages expressed on an oven-dry basis. 
**Millieq[uivalents per 100 grams of oven-dry soil. 
Table 25» StrnmBiry of results of various analyses of composited soil samples from the 6-18 inch 
depth of the Lindley loam legume site. 
Sampling 
Block No. 
Psroent 
0* 
Percent 
K* 
CJH 
ratio 
Total tiase 
exchange 
capacity 
** 
Total 
exchangeable 
bases 
** 
Exchangeable 
calcium 
pH Percentage 
lase 
saturation 
L-1 0.68 0.05 12,8jl 17.69 10.62 6.58 4.59 60.0 
I/-2 0.68 0.05 13.6J1 14.40 7.74 5.07 4.46 53.8 
L-3 0.54 0.04 12.9a 9.11 5.41 3.78 4.60 59.4 
3>4 0.41 0.04 11.7a 9.53 5.87 4.04 4.73 61.6 
L-5 0.63 0.05 11.7J1 15.69 11.40 7.22 4.53 72.7 
L-6 0.84 0.06 14.5il 17.85 13.14 7.63 4.63 73.6 
L-7 0.83 0.07 11.7:1 18.74 14.79 9,54 4.60 78.9 
L-8 0.79 0.06 12.381 19.77 14.25 9.40 4.61 72.1 
*]?ercentages expressed on an oven-dry basis. 
**Milliequivalents per 100 grams of oven-dry soil# 
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significantly higher content of carbon in the surface layer than in the 
6 to 18 inch layer. 
Total nitrogen content of soil. The nitrogen contents of composited 
soil samples from the sampling blocks on the three sites showed much the 
same relations as did the carbon contents, as vrould be expected. Analyses 
showed that total nitrogen at the 0 to 6 inch depth ranged from 0.07 per­
cent to 0.14 percent in the Clinton site» from 0.08 to 0.13 in the Bottom­
land site and from 0.07 to 0.12 in the Lindley site. At the 6 to 18 inch 
depth, analyses showed the ranges to be from 0.04 to 0.07 percent in the 
Clinton site, from 0.08 to 0.13 in the Bottomland site, and from 0.04 to 
0.07 in the Lindley site. The same relations of statistical significance 
of differences within sites and between sites as for carbon content also 
held for nitrogen. 
Total base exchange capacity. The Clinton silt loam site showed both 
higher and lower total base excliange capacity extremes than did either of 
the other two sites. In the 0 to 6 inch layer of the Clinton site the 
range of values was from 6.11 to 16.92 mg.e./lOO gm., while for the same 
layer on the Bottomland site the range was from 9.31 to 15.81 mg.e., and 
on the Lindley site from 6.96 to 14.98 mg.o. Except for the badly eroded 
southwest comer of the Clinton site, where exchange capacity was very 
low, most of the sampling blocks on this site were higher in base exchange 
capacity on the average than the sampling areas of the other sites. 
At the 6 to 18 inch depth the seme relations held, with the Clinton, 
Lindley and Bottomland sites ranking in that order in total base exchange 
capacity. The range of values for the Clinton site was from 7.73 to 24.57 
mg.e., for the Bottomland site from 10.61 to 14.62 mg.e. and for the 
Lindley site from 9.11 to 19.77 mg.e 
-87-
pH. The recent liming treatments of the Lindlqr and Bottomland sites 
produced the expected higher pH values on these areas than on th© Clinton 
site. Analyses showed the pH range for the 0 to 6 inch layer of the 
Clinton site to be from 4.45 to 5.35 as compared to a range of from 5.19 
to S.9S on the Bottomland site and from 5.40 to 6.21 on the Lindley site. 
Liming had been too recent to raise the pH of the 6 to 18 inch depth of the 
Lindley soil, as indicated in its range of from pH 4.46 to 4.73 in compari­
son to the range of from pH 4.41 to 4.72 in the same layer of the unlimed 
Clinton site. The range of pH values for the 6 to 18 inch layer of the 
Bottomland site was from pH 5.02 to 5.22. 
Percentage base saturation. Lower initial exchange capacity and the 
liming treatment gave the Lindl^ and Bottomland sites a higher total 
degree of saturation with bases, as would be anticipated. The ranges of 
percentage base saturation at the 0 to 6 inch level were from 53.8 percent 
to 75.0 percent in the Clinton site, from 79.8 to 93.0 percent on the Bot­
tomland site, and from 89.1 to 95.2 percent on the Lindley site. Similar 
relative ranges were determined for the 6 to 18 inch layer, where the 
Clinton site had a range of values from 50.0 to 73.3 percent, the Bottom­
land from 69.6 to 88.4 percent, and the Lindley from 5S.8 to 78.9 percent. 
Correlation between base saturation and pH was not good, and these incon­
sistencies can not be attributed alone to relative strengths of soil acids. 
Total exchangeable bases. In total bases of the 0 to 6 inch layer, -fiiie 
Lindley site was generally highest with a range of values from 6.42 to 
14.15 mg.e./lOO gja. The Clinton site was lowest with values ranging from 
4.34 to 10.79 mg.e., and the Bottomland site intermediate with a range from 
7.48 to 13.14 mg.e. The two upland sites were not significantly differ­
ent in total bases at the 6 to 18 inch level, with a range from 5.06 to 
SB-
IS.73 mg.e. in the Clinton site aid from 5.41 to 14.79 mg.e. in the 
Lindley site. The Bottomland had & smaller range of figures for total 
bases, varying from 7.11 to 11.52 mg.e. 
Exchangeable oaloivan. Eeoent studies of Albreoht (6) and his co­
workers have demonstrated the great importance of exchangeable calcium in 
the nutrition of legumes, inalysis of compoBited sejuples taken from the 
soil sanpling blocks of the three sites showed much variation in this fac­
tor both -within and between sites. The unlimed Clinton sit© had the 
lowest range of values, varying from 5.78 to 7.54 mg.e./lOO gm. in the 0 
to 6 inch layer an.d 3.55 to 10.13 mg.e. at the 6 to 18 inch depth. Ex­
changeable calcium was highest in the Lindlej' site, ranging from 5.65 to 
11.72 mg.e. in the 0 to 6 inch It^er and from 3.78 to 9.54 mg.e. in the 6 
to 18 inch layer. The range in values for exchangeable calcium in the 
Bottomland site was from 5.16 to 9.73 mg.e. in the surface layer and from 
5.68 to 9.79 mg.e. in the 6 to 18 inch layer. 
Sstablishmeot and growth response of the ^ecies. 
Germim tion. Actual germination counts were not made in either 1939 
or 1940. Howsfver, it was observed that germination on the two upland 
sites in both years was considerably less than in the lowland site and 
that germination was particularly poor both years in the areas approxi­
mately represented in figure 6 by sampling blocks L-3 and L-4 on the 
Lindley site and by blocks C-2 and C-8 on the Clinton site. Poor genaina-
tion in these areas was interpreted as being the result of unfavorable soil 
moisture relations which were caused by the rather heavy textured surface 
soil of sampling blocks C-2» L-3 and L-4 and by a quite sandy surface 
layer much subject to erosion in block C-8. 
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lifuinberj size and grovrbh habit of mature plants. The use of a nurse 
crop of oats, rye or other grass species or, more recently, of flax for 
spring-planted legumes has usually been reooinmeiided in Iowa both as a 
means of protecting the young legume plants from weed competitors and of 
reducing exposure to unfavorable atmospheric conditions of huicidity and 
temperature. Following this general recommendation, all of the leguminous 
species planted in ooE^ilete replications in late ipril and early May of 
1939 were planted with a nurse crop of rye. As a check on the effective­
ness of this nurse crop, half of the 10 plots of each complete replication 
were planted with the nurse crop and half without, the same amount of 
legume seed being planted in each case. 
Under the conditions of the spring of 1939, when precipitation vjas 
normal in April but 3.0 inches below the long-term range of 5.09 inches 
for May, it wxis found that the nurse crop had a decided retarding effect 
upon growth. As soon as it was obvious that leaving the nurse crop vrauld 
endanger establishment of the yoimg seedlings, all rye plants v/ere weeded 
out of the plots. However, the effect of the nurse crop remained through­
out the rest of the year as shown in tables 26, 27, 28, and 29. ?*lien 
measured in late August, only one of the 17 pure-stand and mixed planting 
treatments on the Clinton site showed greater yield in the plots with the 
nurse crop than in those planted alone. This species was Lespedeza stipu-
laoes (treatment H). The average volume of cover per mil-acre plot for all 
species was reduced by the nurse crop from 22,702 to 5,738 cubio inches, 
and the percentage reduction was much greater with some species, as for 
instance with biennial sweetclover, Melilotus alba (Alpha), in which aver­
age volume cover per mil-acre plot was reduced from 82,612 to 3,547 cubic 
inches. The reduction in yield from nurse crop on the other two sites was 
Table 26* Effects of rye nurse crop and of site position upon volume of cover of 17 pure-stand and 
mixed plantings of 18 species and agronomic selections of legumes on the Clinton silt 
loam site of the Floris hilloulture experimental plots, 1939. The figures listed are 
cubic inches of plant cover per lail-aore plot. 
„ . . Without nurse crop With nurse crop 
Treatment ^ — f_ 
symbol* Sampling; area Mean Sampling area Mean 
1 2 3 1 2 3 
A 38;879 54;617 47,062 46,853 34,070 4,580 46,521 28,390 
D 9,2S8 12,339 6i220 9,266 368 29 59 152 
B 344 266 1,444 665 327 92 504 308 
F 206 111 325 214 • 19 7 5 10 
G 546 1,723 l;080 1,116 1,501 276 96 624 
H 848 -334 5,185 2,122 8,838 1,506 4,002 4,782 
J -949 2i651 581 1,394 37 124 189 117 
K 7i311 28;637 45;033 26;994 483 3,861 369 1,571 
M 53,046 2,846 1,080 18,991 80 1 86 56 
H 653 1,826 172 '884 103 9 12 41 
P 21;863 95,434 130;539 82,612 -631 6,415 3;59S 3; 547 
Q 87,760 106,013 99,595 97,789 6,985 7,996 17,968 10,983 
T 14 11 1 9 0 0 - 0 0 
TJ •308 1,587 -824 -906 301 136 1,531 656 
V 1,052 - 58 3; 27 9 1,463 2,944 227 198 1,123 
W 99,136 49,320 28;928 59,128 2g;259 36;665 68;524 42,816 
X 58,018 24,141 24,359 35,506 2,795 5,340 1,548 3,228 
Mean 22,363 22,466 23,277 22,702 4,867 3,957 8,542 5,788 
*For key to treatment symbols, see table 4. 
Table 27, Effects of rye nurse crop and of site position upon volume of cover of 17 pure-stand 
and mixed plantings of 18 species and agronomic selections of legumes on the Bottomland 
site of the Floris hillculture experimental plots, 1939» The figures listed are cubic 
inches of plant cover per mil-acre plot. 
Without nurse crop With nurse crop 
Treatment Sampling area Sampling area 
, , * Moan 
symbol* 1 2 3 1 2 3 
— jsaean 
A 44^198 20,644 166;560 73i801 55i332 64,922 241,775 120^676 
D 3,704 9,160 7,407 6,757 24,070 2,622 121 8,938 
B 301 3,059 2,636 1,999 62 306 119 162 
P 81 15 8 35 5 22 4 10 
G 180 7 '441 '209 ' 13 313 7 111 
H 35,059 108,790 72,002 71i950 77,339 12,025 14,882 34,749 
J 10,350 3,920 -753 5;008 137 156 677 323 
K 7,543 3,315 2,404 4,420 896 187 6 363 
M 59 1 ' 1 20 0 0 11 3 
N 0 '463 1,414 626 0 26 61 • 29 
P 169^430 61i375 37,152 89,319 32,555 87i 927 10i919 43,800 
Q 51,946 20,444 87,070 53,153 113,692 4,141 17,909 45,247 
T ' 4 1 - 4 • 3 ' 1 ' 1 ' 0 1 
TT 4i2S9 2l;620 2,994 9i618 3,192 5,970 3,705 4,289 
V 12;024 4,418 1,257 5,900 • 84 • 348 -462 •298 
W lis;510 263,980 411,381 263,557 27S;009 183;146 194i617 216;924 
X 2,525 17,682 10,545 10,251 2,182 11,911 2,113 6,069 
Mean 26,880 31,700 46,708 35,096 34,386 22,001 28,670 28,352 
""For key to trea-tenent symbols, see table 4. 
Table 28, Effects of rye nurse crop and of site position upon volume of cover of 17 pure-stand 
and mixed plantings of 18 species and agronomic selections of legumee on the Idndley 
l<»m site of the Floris hilloulture experimental plots, 1939, The figures listed are 
cubic inches of plant cover per mil-acre plot. 
Without nurse crop With nurse crop 
Sampling area Sampling area 
symbol 
1 2 3 
Mean 
1 2 3 
Mean 
A 40,870 65,639 69,203 58^570 9,765 52,697 219i470 93i977 
D 34 378 22,645 7,686 2,489 130 1,205 1,275 
E 102 111 14 76 78 47 16 47 
F 44 1 4 16 4 3 1 3 
G 178 71 67 105 217 ' 13 79 103 
H 2,482 135 454 1,024 3,349 2,970 1,103 2,474 
J 454 2 263 '240 - 93 3 104 67 
K 6,253 2,614 235 3,034 1,603 212 0 605 
U 0 0 0 0 0 1 0 1 
N ' 0 34 IS 16 - 0 '231 ' 0 77 
P 44,760 12^834 8,910 22;168 ll;135 7,937 li375 6,816 
Q 6,716 28,700 63,617 33,011 21,751 8,166 14,256 14,724 
T 1 0 - 0 1 4 0 0 1 
U 74 69 1,948 697 270 140 955 455 
V 135 • 95 72 '100 108 -285 '221 -205 
w 25,211 117;761 20;033 54;335 32,532 24;630 31,670 29i611 
X 384 6,101 2,619 3,035 498 2,895 133 1,175 
Mean 7,512 13,797 11,182 10,830 4,935 5,904 15,917 8,919 
*Por key to treatmeaat symbols, see table 4. 
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lesa marked, the mean reduction of all species being from 35#096 to 28,352 
cubic inches per plot on the Bottomland site and from 10,830 to 8,919 
cubic inches on the Lindley site. Most of the reduction of volume co-ver 
resulting from use of the nurse crop "sms attributed to a smaller niunber of 
plants per plot, though decreased size also was instrumental in the yield 
reduction. Table 29 shows the reduction in number of plants resulting 
from the competition of the rye nurse plants. It will be noted that the 
reduction of number of plants was greater vd.th the perennial than vdth the 
annual and biennial species. It -was also apparent that in the Bottomland 
sitCi in which water relations were less unfavorable, the reduction in 
plant numbers in general was smaller. From these results it vb.s decided 
not to use a nurse crop for the species planted for the first time in the 
spring of 1940. 
The yields of the various species planted alone and in mixtures were 
quite variable in quantity as measured by volume of cover. The original 
design of plot arrangement was of a randomized block pattern. This design 
was used to permit, if necessary, determination of whether variation in 
species was greater than could be explained in the heterogeneity of soil. 
Although soil variation vra.s sho-wn to be extreme, the differences between 
species as seen in tables 26, 27, 28 and 29 were also great, and it was 
not believed necessary to make statistical analysis of variance of species 
response. Certain of the species were definitely unsuited to the habitat 
conditions of the experiment, and differences in those which showed pro­
mise of adaptability were clear-cut. Certain errors in planting partially 
nullified the randomized block pattern, but randomization was sufficiently 
corcplete to insure a thorough representation of habitat variability. 
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Table 29. Effect of competition 
number^ of plants per 
species planted alone 
of a rye nurse crop on the average 
mil-acre plot of various leguminous 
and in mixtures, 19S9. 
Treat­
ment 
symbol^ 
Number of plants 
Clinton site 
With Without 
nurse nurse 
crop crop 
Bottomland site 
TSith Without 
nurse nurse 
crop crop 
Lindley site 
With Without 
nurse nurse 
crop crop 
Annual and biennial species 
A 29 25 26 24 36 29 
H 95 85 239 213 34 53 
N 1 13 2 8 1 0 
P 149 222 158 200 122 189 
Q 172 229 133 71 205 223 
V 10 20 18 42 21 13 
W 282 324 477 493 277 240 
Average 105 131 150 150 99 106 
Perennial species 
D 15 28 170 61 26 68 
E 110 96 48 160 13 13 
P 16 44 18 24 6 6 
G 92 103 71 117 33 19 
J 43 103 68 105 14 39 
K 107 154 105 177 60 103 
M 16 123 8 28 0 0 
T 0 5 0 4 0 0 
U 86 107 265 296 68 51 
X S82 411 279 450 133 177 
Average 86 117 103 142 35 47 
Average 
of all 
Species 94 123 122 145 61 71 
1 
•^The figures presented are averages of three plots selected at 
random from five replications. 
2 For key to the treatment identification symbols, see table 4« 
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Table 30 which combines a part of the "without nurse crop" data from 
tables 26, 27 and 28 shows tha yields in "cubic cover" in 1939. Similar 
data for the species which were planted in 1959 and which were continued 
in the plots in 1940 are tabulated in table 31 which also presents the 
•volume measurements for species planted for the first time in 1940. These 
include Coronilla varia» Desmodiuia spp. LatVyrus venosus var. intonsus« 
Lespedeza violacea» a new series of plots of Lotus oomiculatus and a new 
perennial mixture consisting of lotus corniculatus,, Desmodixim spp. and 
Lespedeza virginica. 
Comparison of tables 30 and 31 demonstrates two chief points: (1) 
the large mean site differences in yield, which viere greater in 1939 and 
in 1940, and (2) the great increase in average plant cover during the year, 
resulting both from the in^jrovement in the self-reseeded Lespedeza stipu-
lacea and from additional growth of the perennial species. iJlso of inter­
est is the much better first-season establishment of Lotus eomiculatus 
in 1940 than, in 1959, particularly on the Bottonland and Lindley sites. 
Tables 32 and 33 present comparative size data for "tJie experimental 
species on the three sites in 1939 and 1940. The average total height, 
average "maximum" diameter, and average height to first living branch or 
leaf are shown. The latter measurement was taken to obtain a picture of 
the soil-conserving qualities of tha individual species at the ground line, 
•vfeere erosion is critical. Most of the eixperimental species are branched 
close to the ground, but comparisoii of these mat-forming species, such as 
the decumbent selection of Lotus oomiculatus used in the experiments, 
with a species such as Lupinus angustifolius whose soil-surface protection 
is low demonstrates the differences between species in this important 
criterion of the plant habit. 
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Table 30. Yolume of oover^ of the experimental leguaiinous species on the 
Clinton silt loam. Bottomland and Lindley loam sites at 
comparable sampling dates in late August, 1939. 
Volume of cover in cubic inches 
Site 
Species ^ Mean 
Clinton Bottomland Lindley 
Cassia fasciculata 46, 853 73, 801 58, 570 59, 741 
Cesmiinthus illiiid^sis 9, 266 6, 757 7, 686 7, 903 
Lespedeza capitata 685 1, 999 76 920 
Lespedeza latissima 214: 35 16 88 
Lespedeza sericea 1, 116 209 105 477 
Lespedeza stipulacea 2, 122 71, 950 1, 024 25, 032 
Lespedeza virginica 1, 394 5, 008 240 2, 214 
lotus comiculatus 26, 994 4* 420 3, 034 11, 483 
Lotus uli'ginosus'i 18, 991 20 0 6, 337 
Lupxnus ^gustil'olius 884 626 16 509 
Melilotus alba (Alphaj 82, 612 89, 319 22, 168 64, 700 
Melilotus al'&a (Melana) 97, 789 53, 153 33, Oil 61, 318 
Oxytropis Cenelia 9 3 1 4 
Trifolium pratense (E^jpertj 906 9, 618 697 3, 740 
Vicia villosa 1, 463 5. 900 100 2, 488 
Anmsal-bieiihiial mixture 59, 128 263, 557 54, 335 125, 673 
Perennial mixture No. 1 35, 506 10, 251 3, 035 IS, 264 
Mean volumes 22, 702 35, 096 10, 830 
Average of three mil-acre plots planted without nurse crop in which 
volime of cover equals number of plants per plot times the average height 
times the average cross sectional area of 5 plants of sem-random selec­
tion. 
2 At least part of the extreme variation in this species probably 
resulted from planting the very small seeds too deep on the Bottomland 
and Lindley sites. 
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Table 31. 'VbliKae of cover of the experimental leguminous species on 
the Clinton silt loam. Bottomland and Lindley loam sites, at 
comparable san5>ling dates in early September, 1940. 
Volume of cover in cubic inches 
Site 
Species Mean 
Clinton Bottomland Lindley 
Coronilla varia^ EO,368 1,515 120 7,334 
Desmanthus illinoensis 39,584 122,468 103,112 88,388 
Desmodium spp.ii 9,159 13,546 46,201 21,635 
latRyfus venosus var. intonsus^ 1,167 410 226 601 
Lespedeza capitata 55,228 95,707 9,090 46,675 
Lespedeza iatissima 64,073 10,444 8,628 27,715 
Lespedeza sericea 467,820 243,490 288,686 3«63, 3^2 
Lespedeza stipulacea 98, 390 227,307 153,239 159,645 
Lespedeza violacea'i 48 134 80 87 
Lespedeza virgihiba 17,590 37, 804 14,566 23,320 
Lotus corniculatus 77,402 33,862 53,482 54,915 
Lotus corniculatus^ 52,274 24,450 34,198 36,974 
Lotus ulxginosus ^ 13,033 5,229 4,191 7,484 
Trifolium pratense (Eppert) 24,716 2,648 9,436 12,267 
T/icia villosa 40,621 20,583 9,441 23,548 
Aanual-bienhxal mixture 214,000 224,269 172,038 203,436 
Perennial mixture No. 1 75,234 100,833 14, 702 63,590 
Perennial Picture No. 37,806 52,711 18,560 36,359 
Mean volumes 71,584 67,634 51,999 
Average of three mil-acre plots in which volume of cover equals 
number of plants per plot times the average height times the average cross 
sectional area of 5 plants of semi-random selection. 
^Planted in the spring of 1940 
bottomland plots were partially defoliated by rabbits. 
Table 32. Relative sizes of random plants^ of the experimental leguminoue species on the three 
sites, 1939. 
Clinton silt loam site Bottomland site 
Species 
Ave. Ave. Ave. Ave. 
height maximum height height 
(in.) diameter to first (in.) 
(in.) living 
branch 
or leaf 
(in.) 
Lindley loam site 
Ave. Ave. 
maximum height 
diameter to first 
(in.) living 
branch 
or leaf 
(in.) 
Ave, Ave, Ave, 
height maximum height 
(in.) diameter to first 
(in.) living 
branch 
or leaf (in») 
Cassia fasiculata 11.5 11.8 0.1 17.5 15.5 0.6 14.5 12,8 0.4 
Cassia bccidentalis - - 14.0 18.5 3.0 2.0 2,5 0.5 
Desmanthus illinoensis 6.3 4.5 0.9 8*6 2.9 1,4 4.4 3.0 0.7 
Desmodim canadense 1.6 1.1 0 5.9 2.8 1.3 2.5 1.8 0.5 
Lathyrus tingitanus - - - 9.0 20.5 1.5 - - -
Lespedeza capitata 4.0 1.2 0.5 5.6 1.2 0.9 4,6 1,2 0,9 
Lespedeza latissima 2.0 1.3 0 2.3 0.7 0.1 2.3 0.8 0.2 
Lespedeza sericea 6.1 1.4 0.1 S.7 0.7 0.2 4.8 1.0 0.3 
Lespedeza stipulacea 3.1 3.5 0 7.6 6.0 0.3 3.5 3.5 0 
Lespedeza virginica 3.4 1.5 0.3 4.8 2.0 0.4 3.1 1,2 0.4 
Lotus cornioulatus 4.7 3.8 0.1 4,0 1.8 0.3 4.2 2,1 0,3 
Lotus uliginosus 3.0 3.1 0 1.2 0.5 0,1 1.0 1,0 0 
Lupinus angustifolius 9.5 2.1 5,2 11.4 1.9 5,9 12,5 1,9 5.8 
Melilotus alba (Alpha) 8.0 4.3 0.3 11.8 5.9 0 8.2 3.4 0.3 
Melilotus alba" 
(Melana)'" 10.3 5,0 0 14.0 7.0 0,1 8,6 3,8 0 
Psoralea tenuiflora 2.0 0.1 0 3.9 1.1 0,8 2,4 1.3 0.8 
Strophostylos helvola 6.0 16,1 0,6 6.8 18.5 0.6 4,8 15,3 0.6 
Trifolium pratense 
(Eppert) 2.4 1.9 0 4.3 2.6 0 2,4 1.7 0 
Vioia villosa 2.1 6.1 0 2.4 5.1 0 1.9 2.4 0 
^Averages of 30 plants per site in most cases for the fall replications. 
Table 33. Relative sizes of randcffii plants^ of the experimental legminous species on the three 
sites, 1940. 
Clinton silt loam site 
Ave, 
Species 
Ave, Ave, 
Bottomland site 
height maxirnvm height 
(in.) diameter to first 
(in,) living 
branch 
or leaf 
(in.) 
Ave. 
height 
(in.) 
Ave. Ave. 
Lindley loam site 
raaximiffii height 
diameter to first 
(in.) living 
branch 
or leaf 
(in.) 
Ave. 
height 
(in.) 
Ave. 
maximum 
diameter 
(in.) 
Ave. 
height 
to first 
living 
branch 
or leaf 
(in.) 
2 Coronilla varia 5.1 15.3 0 2.8 4.2 0 1.3 2.0 0 
Desmanthus illihoensis 10.1 9.5 0.2 17.4 11.0 0 12.7 11.9 0 
Desmodim spp.^ 11.4 6.3 0 7.3 4.3 0.3 12.9 8.8 0.4 
lAthyr us veno sus*^ 7.1 3.3 1,9 6.1 2.8 1.8 5.2 2.5 1.0 
Lespedeza capitata 21.7 3.0 1,3 26.4 5.3 0.3 25.9 4,5 0.2 
Lespedeza latissima 0.1 D.4 0 3.0 6.0 0 3.3 6.8 0 
Lespedeza sericea 20.3 13.8 0.2 16.8 6.3 0.3 23.9 13,8 0 
Lespedeza stipulacea 3,2 8.4 0 8.3 12.0 0 5.2 20.2 0 
Lespedeza violacea«i 1.6 0.7 0 1.8 0.9 0.1 1.5 0,8 0 
Lespedeza virginica 9,4 6.2 0 10,8 6.3 0 10.4 5.0 0.2 
Lotus corniculatus 5,3 16.2 0 4.3 13.6 0 4.0 16.2 0 
Lotus corniculatus^ 2,8 13.6 0 1.9 13.5 0 2.1 17.5 0 
Lotus uliginosus 2.7 11.8 0 1.9 6.8 0 1.9 8.1 0 
Trifoliuim pratense 
TBppert) 4,6 12.6 0 2.4 4.3 0 5.8 6.8 0 
Vioia villosa 2.8 13.7 0 2,7 18.8 0 2.5 8.8 0 
1 Averages of 15 plants per site in most cases for the fall replications. 
^1940 plantings. 
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Comparison of the data in tables S2 and 33 shows that species in the 
lowland site were generally larger than, on the upland sites. The great 
average size increase in perennials during the year is noticeablej as for 
example with Lespedeza oapitata» whose height was increased five-fold and 
Lespedeza sericea whose height was tripled. All species used in the plot 
experiments are herbaceous, so that the measured growth for both 1939 and 
1940 represents only each season's development. From these data» the 
general growth habit of the various species xaay be expressed in terms of 
differences between species as well as in variation of the saiue species in 
response to environment. For example, the tall, slender growth of Lespe­
deza capitate is shown in its average height of 21.? inches and lateral 
spread of only 3.0 inches on the Clinton site, 1940, as compared to similar 
height and diameter measurements for the same year of 26.4 and 5.3 inches 
respectively on the Bottomland site and 23.9 and 4.5 inches on the 
Lindley site. 
One result of the legume e:i!periments vrhioh was apparent early in the 
investigation was the advantage of utilization of mixtures. It was also 
obvious, however, that competition between species eliminated or greatly 
reduced certain of the species while others thrived, resulting in a change 
in mixture composition. This is illustrated in table 34, in which Meli-
lotus spp. had been completely eliminated on the Clinton site from the 
mixed plots selected at random for measurement. Certain other plots of 
this annual-biennial mixture contained some sweetclover, but it was greatly 
reduced throughout the unlimed Clinton site. It will be observed 
from table 34 that the proportion of Cassia fasoiculata was greatly re­
duced and that of Lespedeza stipulacea greatly increased on the Clinton 
site between 1939 and 1940. Similar reduction in Trifolium pratense even 
on the more favorable lowland site occurred during the year* probably 
-lOL 
Table 34. Percentages of component species of the perennial and annual-
biexmial legume mixtures* 1939 and 1940. 
Mixture and species 
Percent of total cover 
Site 
Clinton Bottomland Lindley 
Annual-biennial mixtures 
Cassia fasciculata (1939) 45 74 46 
n n— — (1940) 2 29 2 
Percent change -43 -45 -44 
Lespedeza stipulacea (1939) 12 14 22 
_ J, 5, (1940) 98 60 84 
Percent change +86 +46 +62 
Melilotus spp. (1939) 42 11 31 
" " (1940) 0 11 14 
Percent change -42 0 -17 
Vicia villosa (1939) 1- 1- 1-
" " (1940) 0 0 0+ 
Percent change -1 -1 -1 
Perennial mixtures 
Lespedeza sericea (1939) 45 17 34 
" " (1940) 57 39 17 
Percent change +12 +22 -17 
lotus comiculatus (1939) 22 7 36 
" " (1940) 29 53 61 
Percent change + 7 +46 +25 
Trifolium pratense (1939) 33 76 30 
" " (1940) 14 8 22 
Percent change -19- -68 - 8 
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resultiiig from competition with the rapidly spreading Lotus corniculatus 
and Lespedeza sericea. 
Table 35 serves both as an illustration of site differences in dry-
weight of total growth, which elsewhere has been discussed in terms of 
oover TOlvime> of the relative yields of some of the species on the 
basis of forage. Except for the perennial mixture, yields vrere consist­
ently higher on the Bottomland than on the Clinton site. The best plots 
of lotus corniculatus on the two sites gave yields on the basis of 2.7 
ton acres on the Clinton site and 4.0 ton acres on the Bottonland site. 
Other figures listed are for average rather than for the highest yields. 
Table 35. Forage yields in tons per acre of dry saatter of various 
leguminous species planted in May, 1939, and harvested 
August 15, 1940 
Yield in tons per acre 
Species Site 
Clinton silt loam Bottomland 
lotus corniculatus 2.7 4.0 
n " 1.6 1.9 
Lotus uliginosus 0.9 
Trifolium pratense (Expert) 0.2 1.9 
Vicia viilosa 0.9 1.9 
Aimual-bienriial mixture of 
Cassia fasciculata 
I^esp^eza stipulacea 
MelilotTls" alba (Arctic) 
Melilotus officinalis (Zouave) 
Melilotus suaveolens (Redfield) 
Vicia viilosa 1.7 2.4 
Perennial mixture of 
Lespedeza sericea 
Lotus corniculatus 
Trifoliuffi pratense (Expert) 2.4 2.4 
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Size and diversity of root systems* Table 36 presents the results 
of analyses of relative dry natters of tops and of roots of certain 
species at three depths of representative one-square-foot areas. Both 
tops and roots were in most oases larger, as measured by dry weight, on 
the Bottomland than on the Clinton end Lindley sites. It %vas believed 
that the shoot-root ratio of the Clinton site might be lov/er than that of 
the Bottomland site, but the differences were not significant for the 
number of oases analyzed. 
Winter-hardiness. It had been observed after the winter of 1939 
that certain of the perennial species, particuls.rly Lespedegg sericea, 
were less winter-hardy than others. In the spring of 1941, survival 
counts were made of this species and of others of the perennial group. 
These are presented in table 37. The winter of 1940 was destructive of 
much plant growth, not because temperatures were abnormally low, but be­
cause ten^erature fluotuations were so great, liany farmers observed much 
injury from frost-heaving of alfalfa and red clover. Table 36 shows the 
survival of species planted for the first time in 1940 and of those in 
which at least some of the plants had two-year-old root systems. In 
table 36, it is seen that except for Lotus comiculatus on the Bottomland 
site, there was an almost complete killing of all one-jrear-old plants in 
the 1940-planted plots. The tvro lespedezas, sericea and L. latissima, 
and red clover were almost eliminated. The well-established two-year-
old plants of the native lespedezas, L. capitata and L. virginica, showed 
much greater survival ability. 
Table®® . Dry inatter in tops and in roots at three depths of representative one-square-foot plots 
of eleven leguminous species at the end of the first grcwing season, 1939. 
Dry weight in grams 
Clinton silt loam site Bottojnlond site Lindley loam site 
Speoi es 
Tops 
Roots Roots 
Tops 
Roots 
0-6" 6-12" 12-24" 
• Tops 
6-12" 12-24" 0-6" 6-12" 12-24" 
Desmanthus illinoensis 2.77 4.75 - 12.45 23.94 •» 
Lespedeza oapitata 2.39 4.02 1.33 - 5.30 12.54 5.57 «» 
Lespedeza latissim 12.55 6.08 
-
-
«• •• «• 
-
Lespedeza serioea 15.60 
47,71 
5.94 
16.26 
2.02 
2.40 
1.69 
1.26 
14.98 7.07 4.60 «• 
Lespedeza stipulacea 24.01 1.45 tm - 16.08 3.29 -
Lespedeza virginioa 1.58 2.20 0,50 1.52 3.04 15.00 8.59 - - -
Lotus comiculatus 23.65 8.80 2.62 0.90 68.65 24.46 7.68 5.85 20.53 30.45 2.22 1.88 
Lotus uliginosus 54.26 7.43 m - 30.19 5.20 22.38 8.73 0,49 
Melilotus alba 
(Alpha) 31.20 11.57 - - 29.27 13.20 ~ -
Melilotus alba 
(Melana) 19.81 2.87 - mm 17.65 1.60 - - - -
Strophostyles helvola 68.55 1.88 0.13 0.70 - - Mb mm - - -
Trifolium pratense 
(Epperli) 14.45 1.92 - - 65.13 11.06 0.18 - — — — 
Vioia villosa - - - A* 62.83 10.20 1.07 - -
Annual-bi ennial 
mixture S8.72 19.83 2.62 _ 65.44 19.69 3.29 _ 
Perennial mixture 72.17 26.21 8.07 - 60.18 12.03 6,23 30.45 15.92 3.15 
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Table 37, Average number of plants per mil-acre plot of the various 
perennial experimental leguminous species sirviving the 
severe -winter of 1940. 
Humber of plants 
Species Age of plot 
Clinton 
Site 
Bottomland Lindley 
Coronilla varia First season 7 8 1 
Desmodium spp. First season 0 3 0 
Lespedeza capitata •Second season 56 47 7 
Lespedeza iatissiina Second season 0 3 0 
Lespedeza sericea Second season 0 21 19 
Lespedeza violacea First season 1 0 0 
Lespedeza virginica Second season 18 31 11 
Lotus cornioulatus First season 9 55 S 
Lotus cornioulatus Second season 49 71 58 
I'rlfbliun pratense Second season 0 11 3 
i 
Chemical composition of plants. Since calcium and phosphorus vrere 
expected to be the chief limiting elements in legume nutrition on the 
Hillculture sites* analyses were made of plant tissue of five species col­
lected at the early flowering stage. These data are presented in table 
38, It -will be noted that in content of calcium, the plants -were in three 
general subdivisions, Melilotus alba (Alpha) being high on all sites, 
Lotus cornioulatus and Trifolium prat ease (^pert) intermediate and the 
two lespedezas lo-west. With phosphorus, the total absorption apparently 
had been of a different range in the species, with Lotus cornioulatus 
high, Lespedeza sericea next, Lespedeza stipulacea and Melilotus alba 
(Alpha) about equal next in order, and Trifolium pratense (Expert) lo-w. 
Of these species, Lotus comicula-tus sho-wed the smallest increase in cal­
cium content -when gro-wn on the limed sites, in ooniparison to the unlimed 
Clinton, Soil phosphorus was not measured in the coi!5)osited sanqjles from 
Table 38, Calcium and phosphorus contents of matxare plants of five leguminous species grcsslng on 
the Clinton silt loam (Site l). Bottomland (Site II), and Lindley loam (Site III) 
experimental legume sites, 1940, 
Percent of dry weight Percent of green vreight 
Calcium Phosphorus Calcium Hiosphorus 
Species 
Site Site Site Site Site Site Site Site Site Site Site Site 
I II III I II III I II III I II III 
Lespedeza sericea 1.04 1.13 1.16 0.23 0,27 0.26 0,49 0,55 0.53 0.11 0,13 0,12 
Lespedeza stipulaoea 1,00 1.12 1.11 0.18 0.22 0,22 0.44 0,41 0.35 0.08 0,09 0.08 
Lotus ocrnioulatus 1.20 1.23 1.26 0.29 0.32 0.30 0.27 0.30 0.32 0.06 0.08 0,07 
Melilotus alba (Alpha) 1.38 1.60 1.62 0,20 0,23 0,22 0,48 0.66 0.63 0,07 0,09 0,08 
Trifolium pratense (Eppert) 1.15 l.Sl 1.29 0.14 0.17 0,18 0,29 O.Sl 0.S3 0,03 0.04 0,05 
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the sites. Its relation to absorption by the various species is not known. 
Neither calcium nor phosphorus content of the soil is sufficiently high to 
provide levels of "luxury consumption." On the other hand> there was some 
indication with Lespedeza stipulacea> that total absorption of calcium TWBS 
about the same regardless of considerable variation in dry weight. 
Table 39 shows the relative dry weighbs of the various species in the 
early flowering stage, unless otherwise indicated. Lespedeza serioea and 
Lespedeza violacea are thus shown to be quite "woody" plants and Lotus 
oomiculatus a much more succulent type. It was thought that plants of 
higher percentage dry matter content might be found in plants from the 
upland than in plants from the lowland site. The differences were not 
significant^ however. 
Table 39. Differences in percentage dry matter content of mature plants 
between species within ajid between sites, season of 1940. 
Species 
Site 
Clinton Bottomland Lindley 
Coronilla varia 25.6 24.5 30.5 
DesmmthuB xllinoensis 55.5 42.6 39.2 
Desmodium spp« 29.0 30.4 33.0 
Laiihyiros venosus var. intonsus 32.8 25.0 24.6 
Lespedeza capitata 
Lespedeza sericea (maturej 47.5 47.0 45.3 
Lespedeza serioea (14-16") 38.7 42.1 41.0 
Lespedeza stipuiaoea 43.5 41.4 34.9 
Lespedeza violacea 47.0 44.6 44.6 
Lesp^eza virginica 32.1 38.7 37.0 
Lotus comiou'latus 22.8 24.2 25.1 
Lotus uiiginosus 21.4 27.8 20.5 
Meixlo^s alba ^Aiphaj 34,9 41.0 38.6 
Trifolium prat ens e (Expert) 24.8* 23.7* 25.9* 
Vicia viliosa 28.8 30.8 27.6 
•Mostly second growth. 
-108-
DISCUSSIOH 
Iowa practices v;hat is called a "sweet soil agriculture." V&er© 
soils naturally are not slightly basic or neutrals it has been the cus­
tomary method of the more progressive fanners to apply calcium in various 
forms of agricultural limes to overcome the acid condition. This wide­
spread practice of liining for leguminous crops has led to the popular im­
pression that all legumes require neutral or basic soils. The currently 
profitable culture of large acreages of the known "acid-tolerant" crop 
soybeans has partially corrected this idea* but it is not yet widely 
recognized that numerous other legumes# some of them potentially as 
valuable as alfalfa or red clover# thrive on acid soils. The usual 
agronomic practice in lo-wa with legumes* as mth other crops, therefore 
has been to laak© the soil fit the plant, rather than to select plants 
trfiich are adapted to the soil. 
This systeam of soil improvement is well suited to northern Iowa. It 
is equally applicable in southern Iowa to the larger individual farms on 
which stock-raising may profitably be conducted and to those less erodible 
areas which are suited to ordinary crop production. However, on the 
smaller, less-in^)roved southern Iowa farms to which the hillculture inte­
grated system of diversified agriculture is particularly adapted, it seems 
neither practical nor economical at this time to make the considerable 
investment in raoney and effort necessary for soil iii^rovement of the usual 
degree. On these hillculture fams it will be essential only to make cer­
tain that at least the first of the new legumes and other plants to be 
adopted will be tolersmt of infertile soils as well as of acid-soil 
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conditions. It should be stressed, however, as en^jhasized by Fergus (33), 
that these pioneer plants of low nutritional requirements serve in soil 
iniprovement only if unharvestedj and that their removal as a crop merely 
sei-ves further to impoverish already depleted nutrient stores. 
As a means of utilization of these acid and infertile southern Iowa 
soils, the Hillculture Experimental Farm near Floris, Iowa, has been de­
voted to numerous ecological experiments (13) (17)(52)(83)(93)(94). These 
studies have dealt with the establishment and growth of certain superior 
selections of erosion-resistant shrubs and trees in addition to native and 
cultivated herbaceous cover plants. The -woody plants are ejipected to pro­
duce fruit, nut and other specialized crops of value in supplementing 
farm income, as an inducement toward retirement of the steeper slopes from 
ordinary cultivation. The inter-row cover plants in most cases mil not 
be harvested, but will be left to aid in soil conservation and iii5)rovement 
by additions of organic matter and by protection of the areas from water 
and soil losses. 
The selection of suitable cover plants adapted to these low-quality 
sites has been a major problem of Iowa hillculture practice (17)(93) as 
establishment of the cover plants is frequently less certain than that of 
the wood^ species whose inter-row areas they are supposed to protect. 
The important role of weedy plants, and particularly of legumes (22) in 
early iirprovement of infertile soils has been recognized. Many of these 
so-called weeds apparently have greater ability to absorb nutrients from 
low-fertility-level soils than do some crop plants, and thus presumably 
have greater capacity for the production of soil organic matter increment 
and an erosion-preventing plant cover. 
With these general considerations in view, studies have been begun 
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of the establishment and grovrbh of a rather TfTide selection of leguminous 
species on sites whose soil properties were representative of those found 
elsewhere in the region. Intensive investigation of the plant species has 
made necessary a comprehensive analysis also of the habitat* to permit 
interpretation of plant response. 
Relating the differential response of the various experimental species 
to variation in habitat* even Tfidthin the small area represented in the 
Hillculture ISxperimental Farm, presented problems of interpretation which 
were difficult of solution. Soil variability was more easily measurable 
than was variation in climatic factors. Its effect on the plants Y;as of 
course also more obvious than was the affect of differences in micro­
climate. Certain soil factors could be shovm by statistical analysis to 
have a direct positive effect on plant growth. No such striking effect 
on plant response from differences in microclimate was likely to be seen 
and none which could be separated from soil effects was observed. Much 
more must be learned of the physiology of plants in the field before con­
clusive interpretations of differences in plant response to habitat vari­
ation other than of soil within small areas are possible. 
Variation in Ificroolimate 
The chief purpose in study of the habitats of the three sites was to 
find all measurable differences between the sites including microclimate, 
to permit analysis of differences which could not be attributed to soil 
alone and which might be shown to be related to variation in certain of 
the measured props rties of climate. As shown in figure 1, the Clinton site 
was about 315 yards from the Bottomland site, -ahich was in turn about 365 
yards from the Lindley site. The diaganal distance between the upland 
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sites was about 660 yards. Within these short distances, there would be 
no major causes of differences in microclimate other than distinctions in 
olevationf direction and degree of slope* and effect of surrounding vege­
tation. It was pointed out in table 1 that the direction of slope of the 
Clinton and Lindley sites is very nearly the same* being generally south­
eastward in both. The Lindley site is about 15 feet higher in actual 
elevation than the Clinton site, but only about 6 feet higher in relation 
to the creek level and other topographic features. Th© higher elevation 
of th© Lindley sit© is offset in part at least by somewhat greater pro­
tection by trees than is true of the Clinton site* although these trees 
ar© at some distance. The average degree of slope for the Clinton site is 
somewhat higher than for the Lindley slope, but this •m.s not true of th© 
particular parts of the sites in which th© weather stations were located. 
The Lindley site weather station was on a slightly steeper slop© than was 
th© Clinton station, thus being expected to receive somewhat greater iso­
lation, though this was not measured. 
Weather data analysis for the period June 29 to September 4, 1941, 
demonstrated that variation in some microclimatic factors was much greater 
than in others. Habitat differences in temperature, at least between the 
two upland sites, were highly significant statistically. Their physiolog­
ical significance, within the range of adaptability of plants, is quite 
doubtful, even though a constant difference could be shown to exist for a 
prolonged period, as with th© highsr maximum air temperature on the 
Lindley than on th© Clinton site. 
Microclimatic sit© differences v/ere greatest in atmospheric moisture 
and wind. From the middle of July onward to early September, evaporation 
was consistently lower on the Bottomland site than on the upland sites. 
The Lindl^ site, perhaps due to greater insolation, was characterized •by-
higher evaporation than was the Clinton site. Mean wind velocitir, on the 
other hand, vfas higher on the Clinton site than on the Lindley, resulting 
probably from somewhat less protection by surrounding vegetation and also 
from greater exposure to mnds from the south and -west. 
It appeared from the integrated analysis of mioroclimate on the three 
sites that if any one of the atmospheric factors of climate had sigaifi-
cance in site differentiation, it ivould be evaporation, particularly if 
it were also to be showi that lower available soil moisture occurred on 
the same site as did the high evaporation rate. This v/as found to be true 
of the Lindley site. 
If microclimatic distinctions between the three sites were of a de­
gree significant in plant growth differences, the Bottomland site should 
be considered most favorable climatically, the Lindley least favorable and 
the Clinton sit© intermediate. These relations are based chiefly on rela­
tive evaporation, since other microclimatic differences were believed to 
be less significant. As the average groTrbh response of species on the 
three sites was in the same order as their presumed microclims.tic favora-
bility, there is thus some indirect evidence of correlation of plant re­
sponse with microclimate. Except for available soil moisture, the Lindl^ 
site had the more generally favorable edaphic habitat of the tv;o upland 
sites. This -svas not reflected in average gro^wth of species, which YZ&S 
greater on tho Clinton than on the Lindley site. Unless available moisture 
alone was the conJfcrolling soil property there was therefore sho-sm to be 
better correlation of plant response between sites in respect to micro­
climate than to ©daphic qualities. 
-us' 
Soil Diversity 
The variation in soil plqrsical properties of the legiome sites was 
not as extensively studied as were the differences in soil chemical qual­
ities. Physical characteristics investigated were topsoil depth, soil 
moisture, permanent wilting percentage, moisture equivalent, porosity and 
water-stable aggregation. Of these, only topsoil depth was studied in de­
tail. Serious erosion in some portions of the upland sites and overwash 
deposits on part of the Bottomland site in both cases produced "surface" 
soils of infertile material. Except for these localized areas, no statis­
tically significant correlation could be shown between plant response and 
topsoil depth. 
Aggregation studies showed the Bottomland site to have the best water-
stable structure and the Clinton site the poorest with the Lindley site 
intermediate. No statistically significant correlation could be shown be­
tween the aggregation coefficients as presented in table 14 and chemical 
properties, such as organic matter, given in tables 20 to 25, inclusive. 
Porosity measurements taken on the Clinton site demonstrated the poor 
structure of this soil. In surface samples from 10 well-distributed plots, 
non-capillary pore space varied from 12.0 to 20.2 percent, capillary pore 
space from 33.9 to 41.4 percent, and total porosity from 45.9 to 57.8 per­
cent. The ideal soil stnicture is said to have about equal division of 
capillary and non-capillary pore space. In the Clinton site, non-capil­
lary pore space was much short of this proportion. 
Because of the great importance of available soil moisture in the 
early establishment of plant cover on eroded soils, considerable attention 
was given to this measurement. Total soil moisture determinations were 
made of samples from two selected stations on each sit© at about semi­
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monthly intervals, avoiding periods just following precipitation. These 
total moisture figures were converted to a basis of available soil mois­
ture by subtracting from them the determinations of permanent vdlting per­
centage made on soils from the same stations. One striking observation of 
the soil moisture studies was the great improvement in the water relations 
of the upland sites in 1940 as compared to 1939. During the period from 
June to November, 1940, average total soil moisture on both the Lindley 
and Clinton sites was much higher than during the same period in 1939. 
Conversely, precipitation was generally hi^er in 1939 than in 1940. This 
increase in total soil moisture was attributed to two factors: (l) a 
gradual build-up in soil moisture as a result of furrowing, and (2) re­
tention of more precipitation on the slopes by the perennial plants in 
their second season than in their first year of growth when average plant 
cover was much less. The soil moisture improvement in the Lindley site 
was greater than in the Clinton site. 
The results of the pertnanent wilting percentage determinations were 
of particular significance since they almost nullified the differences in 
total soil moisture between sites at the 6 to 18 inch depth. Total soil 
moisture at this depth (assumed to be equal to the average of the moisture 
contents at the 6 to 12 inch and 12 to 24 inch levels) was higher on the 
Lindley site than on the Clinton site in both 1939 and 1940, the mean dif­
ference in 1939 being 2.31 percent and in 1940, 3.02 percent. In availa­
ble moisture, however, the season's mean was only 0«26 percent higher on 
the Lindlfsy site in 1939 and 0.97 higher in 1940, due to the higher wilt­
ing point of the Lindley soil at the 6 to 18 inch level. The permEtnent 
wilting percentage of the Clinton site at the 0 to 6 inch depth was only 
slightly lower than that of the Lindley site, but the difference served to 
strengthen the importance of the slight but constant difference in total 
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soil moisture in favor of the Clinton site. These soil moisture differ­
ences were not large» but were maintained throughout the season and in 
combination with the higher evaporation found on the landley site may have 
contributed to the poorer plant response on the Lindley site than on the 
Clinton site. During the periods of evaporation stress, which was con­
sistently higher on the Lindley than on the Clinton site, greater sus­
tained ability to deliver water to the plants may have been of considera­
ble physiological importance. 
Soil chemical differences between sites were more definitely measure-
able and less difficult of interpretation chiefly because of the much 
larger number of samples taken and the consequently better representation 
of soil heterogeneity than was true of the samples for physical analyses. 
These site differences are most graphically shorai in figure 11 for the 0 
to 6 inch depth and in figure 1£ for the 6 to 18 inch depth. Cross-refer­
ence of these figures with figure 6, which shows the position of these 
sampling blocks, figure 3 which shows the direction and degree of slope 
and figure 4 which shovrs the depth of remaining topsoil will demonstrate 
the inter-relations of slope, degree of erosion and soil chemical proper­
ties. The polygonal form of graph as used in figures 11 and 12 is par­
ticularly well suited to the simultaneous expression of several intei>-
related variables. By inspection of relative polygonal areas in figure 
11, it is readily seen, for example, that the C-8 sampling block of the 
Clinton site except for pH and percentage base saturation is distinctly 
the poorest of the Clinton sampling areas at the 0 to 6 inch depth. It is 
equally apparent that the C-1 and C-3 blocks provide the two best areas of 
the Clinton site for plant growth, if it assumed, as is reasonable, that 
increase in all of the soil chemical properties plotted in figures 11 and 
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IS is favorable for plant de"velopment v-dthin the range of observed values. 
Hov/everj as will be showi in the discussion of differential plant response 
to soil heterogeneity, certain of these factors, particularly exchangeable 
ealoiuiu, were much more highly correlated with legume grtjiivth than were 
others. 
Another striking point to be observed in figures 11 and 12 is the 
great similarity within sites in pattern of the polygons v/hich represent 
variation in soil chemical qualities. This is particularly apparent at 
the 6 to 18 inch level in the Lindley site (figure 12) in which the geo­
graphical positions of the sampling blocks (L-1 to L-8 consecutively) are 
from the crest of the slope downward. Blocks L-2, L-3 and L-4 were most 
seriously eroded and blocks I/-7 and 1^8 least eroded, and this sequence 
is quite evident from inspection of the graphs. It is probable that some 
of the darker colored material classified as "topsoil" in blocks IrZ, L-S 
and L-4 was the remaining B horizon soil, most of the A horizon have been 
removed by erosion. 
The effect of liming upon pH and exchangeable calcium in the Lindley 
and Bottomland sites is also easily seen in figure 11 by comparison with 
the unlimed Lindley sampling blocks. Although analyses for phosphorus 
were not made, it is to be presumed that available phosphorus would be 
higher on the Lindley and Bottomland sites than on the Clinton site. The 
Lindley and Bottomland sites were included in areas which 1B. d received 
treatment of 200 pounds per acre of 20 percent superphosphate in the 
spring of 1937, while there is no record of the Clinton site having had 
any fertilizer treatment v;ithin the memory of local residents. 
Prom the results of analyses as shown in figures 11 and 12 and pre­
sented in tables 20 to 25 inolusives it seems clear that in soil chemical 
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properties, the Bottomland site was most favorable for plant development, 
the Lindley site intermediate, and the Clinton site poorest. However, 
much of this presumed advantage of the Lindl^ over the Clinton site is 
in higher pH and higher percentage base saturation v;hioh ^.-ere shomi not 
to be correlated with response of the experimental species, even including 
those not considered "acid-tolerant." 
It was not possible, because of the limited numbers of observations, 
to shoT/ statistically significsoat positive correlation between development 
of any of the individual siJecies and any single soil factor. Table 40 
shows correlation coefficients of four species and tw mixtures vdth per­
cent nitrogen, exchangeable calcium and pH. 
Table 40. Correlation coefficients for total plots and within sites be­
tween volume of cover of four species and tvro mixtures and the 
soil properties of nitrogen, exchangeable calcium and pE at 
the 0 to 6 inch death. 
1 
Coefficient of correlation 
Percent Exchangeable pH 
Species or nitrogen calcium 
mixture ~ 
Total Within Total Within Total Within 
Lespedeza sericea .302 .324 .185 .252 .055 .095 
Lespedeza stipulacea .274 .292 .187 .218 .010 .018 
Lotus comiculatus .248 .250 .059 n.076 .040 .071 
Trifolium pratense (^pert) .078 .085 -.132 --.132 .179 .304 
Aanual-bieiiniai mixture .151 .153 .065 .087 .131 .201 
Perennial mixture Ho. 1 .014 .014 .062 .083 -.029 .050 
•i 
•^Statistical significance for total number of plots on the three 
sites TOuld require a correlation coefficient of .355 (df 29) and for 
significance within sites a correlation coefficient of .567 (df 27). 
lis­
some of the coeffiGients of correlation listed in table 40 aisproaoh 
statistical significance. Although non-significant for the number of 
itomsj the highest correlation vd.thin sites at the 0 to 6 inch depth v/as 
shoTOa between Lespedeza serioea and percent nitrogen* with correlations 
between Trifoliua pratense and pH, Lespedeza stipulacea and percent nitro­
gen, Lespedeza sericea and exchangeable calcium and Lotus comiculatus and 
percent nitrogen following in order. For all plots on all sites, the 
Lespedeza sericea emd percent nitrogen correlation was highest, ivith 
Lespedeza stipulacea and percent nitrogen, Lotus oorniculatus and percent 
nitrogen, Lespedeza stipulacea and exchangeable calcium and Lespedeza 
sericea end exchangeable calcium following in that order. It is of espe­
cial interest that Lotus cornioulatus which gave very satisfactory cover 
on the unlimed Clinton site showed the lowest congelation vjdth exchange­
able calcium of any of the individual species or mixtures tested. It -sreis 
also sho-svn in table 38 that this species was the only one of five species 
tested to absorb nearly as much calcium on the Clinton site as on the 
Bottomland and Lindley sites in v.-hich exchangeable calcixm was considera­
bly higher. This indicates a more effective mechanism for calcium-
absorption in the Lotus plants than in the other species. 
Wien each species was ranked into its 5 best plots, 4 intermediate, 
and 5 poorest plots on each site, vdth respective ranking values of S, 2 
and 1, and these -ranks then averaged for a given sampling block, a "pro­
ductivity rating" of the blocks was devised. There vrs.s highly significant 
correlation of this productivity index with certain soil factors, as shown 
in table 41. 
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Table 41. Correlation coefficients within sites between "productivitjf 
ratings" and certain soil properties at two depths and a 
"fertility index" calculated as a weighted avere-ge of these 
same properties. 
Soil characteristic 
0-6" 6-18" 
Fertility index .512*» .282 
Percent carbon .467* .278 
Percent nitrogen .537** .375 
Exchangeable calcium ,508** .413* 
Total exchangeable bases .548** .347 
Percentage base saturation -.134 -.262 
pfl 
-.235 -.249 
^Significant at the 5 percent level, df 24. 
^•Significant at the 1 percent levels df 24. 
Several points of interest are shown in table 41. Of the tvro measures 
of soil organic matter, percent nitrogen was more highly correlated "with 
plant response than was percent carbon. Exchangeable calcium was the 
only soil property to show correlation at the 6 to 18 inch depth with 
plant response. The non-significant but negative correlation udth pH is 
in agreement vri-th the recent vrark of Albrecht (6) and his associates. The 
similar negative correlation of plant response with percentage base 
saturation perhaps may be interpreted as an indirect measure of soil 
organic matter differences* as Homer (44) has shown that ?d.th organic 
laolecules, soybeans respond to total calcium rather than to the degree of 
calcium saturation. 
Differential Response of Species 
At the close of the third year of the legume experiments, it was 
clear that certain species were much better adapted than were otherst.o the 
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vd.de range of soil conditions found in the experimental plots. On the 
basis of volume cover raeasurements, coxmts, and observations, it ms 
possible to select those species which were most likely to have an im­
portant place as cover crops in hillculture plantations. 
The mean values of volume given in table 30 for 1939 and in table 31 
for 1940 show the relative amounts of soil-conserving plant cover pro­
duced by the plants during those years. The annual and biennial plants 
•were of most importance in 1939, as shovm by table 30 in the fact that the 
annual-biennial mixture, Melilotus alba (Alpha) (biennial), Melilotus alba 
(Alpha) (annual). Cassia fasciculata, and Lespedeza stipulacea all ranked 
above any of the perennial species in volume production. Lotus comicula-
tus was observed to be best of the perennials in 1939, both in volume of 
cover and in general qualities of soil protection. 
In 1940, both Lespedeza sericea and Desmanthus illinoensis ranked 
above Lotus corniculatus in volume produced. Of these species, Desmanthus 
illinoensis has a peculiar growth habit of low proportion of leaves to 
stems, which makes it of little value in soil protection ishen planted 
alone. Its advantages in mixtures with grasses or other legumes were not 
determined. Lespedeza sericea produces a great volume of cover, and should 
have a significant place among the cover plants on eroded areas in this 
region. Care should be taken, however, to select strains which are 
winter-hardy. It was shown that the loss of plants of this species in a 
winter of severe temperature fluctuations is great, and the plant will 
have most value in soil conservation if it is not obliged to reseed it­
self each year. 
Table 31 shows that other species have promise of value in cover 
crop plantings under the conditions of the experiment. Ranked in order 
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of second-year volume, the perennial speoies were Lespedeza ssrioea> 
Desmanthus illinoensis» Lotus oomiculatus. Lespedeza oapitata> Lespedeza 
latissimftj Lespedeza virginica. Trifolium pratense-, and Lotus uliginosus. 
The annual Lespedeza stipulacea ranked above all of these species except 
Lespedeza sericeg, and the biennial species Vieia villosa ranked above 
Lespedeza virginica in the above sequence. y 
Among the species planted for the first time in 1940» Lotus comicu-
latus produced greatest volume of cover, v/ith Desmodium spp.. Coronilla 
varia. Lathyrus venosus and Lespedeza violacea following in order. Of 
this groupj only Lotus produced a satisfactory first year cover. In inter­
pretation of the volumes of cover listed in tables 30 and 31 and elsewherei 
it should be noted that "cubic cover" of about 25>000 cubic inches per mil-
acre plot represents only a 4:-inch layer of living plant material* and 
that volumes much below this figure indicate unsatisfactory establishment 
of the plants as well as poor soil protection. 
The use of selected mixtures has distinct advantages both in produc­
ing stratification of the soil protecting plants and a greater certainiy 
of obtaining stands under varied conditions. The legume-grass mixtures 
planted at intervals in the plots were not included in the experiments 
proper, but were observed to have distinct possibilities for plant cover. 
Extensive use ms made of photographs of the e:^erimental plots in 
an effort to show differences in speoies response to varying conditions of 
the habitat or in treatment. Figures IS to 22 inclusive show many of 
these relations. All pictwes show average rather than best yields, un­
less otherwise noted. Growth in most of the species was greatly retarded 
by ooE^etition of a nurse crop in the 1939 plantings. The effect of the 
nurse crop was less marked with other species. Figure 13 shows the dif­
ferential response of Lespedeza sericea and Cassia fasciculata in 
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represantative plots to compatition with the rye nurse crop. Those 
pictures were taken about 6 weeks after the nurse crop was removed^ 
Figure ISA shows Lespedeza sericegi grown -without a nurse crop and figure 
13B the saaie species in a plot in xvhich a nurse crop had been used. 
Figures 13C and 13D show that the reduction in Cassia fasciculata growth 
•with a nurse crop was not marked, the upper plot having been grovm with 
a nurse crop and the lower one without. 
Representative results of culture of other species in 19SS are sho-vsn 
in figures 14 and 15. Figure 14 shows the difference in response of 
plots of Melilotus alba (Alpha) euid Lespedeza stigulaoea at the same age 
on the three sites. The response of this species on the unliiaed Clinton 
site is shovm in figure 14A, on the Bottomland site in figure 14B> and on 
the Liiadley site in figure 140. Lespedeza stipulacea growth on the 
Clinton site is shoTsm in figure 14D, on the Bottomland site in figure 14E 
and on the Lindley site in figure 14F. 
Figure 15 shovra the about equal volumes of Lotus comiculatus and of 
the mixture of Lespedeza serioea> Lotus corniculatus and Trifolium pra-
tense (Eppert) on the three sites. Figure 15A shows the groKsth of Lotus 
comiculatus on the Clinton site, figure 15B the same species on the 
Bottomland site and figure 150 a representative Lotus plot on the Lindlqy 
site. Few Trifolium pratense plants are evident, particularly in the 
Clinton site, in the mixed plots of this species vri.th Lespedeza sericea 
comiculatus shovvn for the Clinton site in figure 15D, the 
Bottomland site in figure 15E, and the Lindley site in figure 15F. 
A» Lespedeza sericea grovm without nurse crop C« Cassia fascioulata grown with nurse crop 
B. Lespedeza sericea grown with nurse crop D» Cassia fascioulata grcwm v/^ithout nurse crop 
Figure 13. Effects of a nurse crop of rye upon Lespedeza sericea and Cassia fasciculata, 1939e 
D. Lespedeza stipulacea, Clinton site A. Melilotus alba (Alpha), Clinton site 
E. Lespedeza stipulacea, Bottomland site B. Melilotus alba (AlphaJBottomland sit© 
C. Melilotus alba (Alpha), Lindley site F. Lespedeza stipulacea, Lindley site 
Figure 14. Representative plots of Melilotus alba (Alpha) and Lespedeza stipulacea on the experimental 
legume sites, 1939. 
A» Lotus oornioulatus, Clinton site D. Perjennial mixture No« 1, Clinton site 
B» Lotus oorniculatus. Bottomland site 
C. Lotus oorniculatusy Lindley site 
E« Perennial mixture No. 1, Bottomland site 
sr^srubtsv 
fe's&aol 
Perennial mixture No Lindley site 
Figure 15. Representative plots of Lotus cornioulatus and perennial mixture No« 1 of Lespedeza 
serioea, Lotus cornioulatus, and Trifolium* pratense (Eppert), 1939, 
I t-" 
cn 
i 
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One of the few treatments which produced a satisfactory cover on 
most locations in 1939 was the annual-biennial mixturej which was com­
posed of Cassia fasciculata^ Lespedeza stipul&ceaj Melilotus alba (Arctic), 
Melilotus officinalis (Zouave)> Melilotus suaveolens (Redfield), and 
Vicia villosa. A plot of this species growing on the Lindley site is 
shown in figure 16A. This amount of cover is sufficient both for reduc­
ing soil and water loss and for adding significant amounts of orgsjiic 
matter. 
One of the annual species which were planted in incomplete replica­
tions in 1939j but replaced by perennial species in 1940 was Strophostyles 
helvola. This species is native to the area and has been observed to show 
vdde adaptation to environmental conditions. Ordinarily growing along 
creeks* it also appears commonly in very dry upland areas and during 
severely dry periods it is one of the few plants which remain green and 
continue to grow. Figure 16B shows a plot of this species growing on the 
Lindl^ loam site. The extremely heavy mat of material produced by this 
plant is well shom, by the picture. 
The great increase in the amount of cover produced by some of the 
perennial species in 1940 in comparison to their first year's growth in 
1939 has been noted. One exan^jle of this is shown in figure 16 in which 
two pictures of the same plot of Lotus oomiculatus on the Clinton silt 
losm site are presented. The photograph of figure 16C was taken in early-
October of 1939 and that shown in figure 16D in early September 1940. 
The problem, of establishment of this and other species on the acid, in­
fertile soils of southern Iowa and similar regions is concerned chiefly 
with their start during the first season. Selection of some sort of 
nurse crop possibly flax, which will not offer too serious competition 
will solve this problem of early establishment of Lotus corniculatus. 
A« Ann'u&l'*biennxal mi^cturej Lindloy site, 1939 C» Lotus coraicul&'tus, Clinton sit©, 1939 
D« Lotus oornioulatus, Clinton site, 1940 B. Strophoatyles helvola, Lindley site, 1939 
Figure 16. Representative plots of the annual-biennial mixture of Cassia fasoioulata, Lespedeza 
etipulaoea, Melilotus spp., and Vicia villosa, and of Stropnostyies hel'Vola ana Lotus 
corniculatus, 1939, and of Lotus corniculatus, 1940. 
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which is easily able to maintain itself once a stand is secured. 
The three species which were bost established in 1940 and the tTO 
mixtures ivhich made greatest volTwne grovrth in that year are shoTO in 
figures 17, 18j 19, 20 and 21. In figure 17 are seen representative plots 
Lotus comiculatus in 1940. Figure 17A is of a plot of thin spccies 
groining on the unlimed and infertile Clinton silt loam site, figure 17B 
shows the same species on the Bottomland site, and figure 17C a Lotus 
plot on the Lindley loam site. It will be noted that there is an almost 
equal groTrth of this plant on the two upland sites as on the Bottomland 
site, in wMch response of most species was much better. The ads.ptability 
of Lotus comiculatus to other soils has been discussed by Culbertson (27), 
Hobinson (76) and Hegi (42). 
Lespedeza sericea, the species with greatest average volume gro-y/th on 
the three sites, is shown in figure 18. Figure 18A shows this species on 
the Clinton site, with the weather station in the background. The very 
heavy growth of Lespedeza sericea on the Bottomland site is shov/n in 
figure 18B and the fewer plants but satisfactory height growth of a typical 
Lindley plot of this species in figure ISC. The excellent response of this 
species and of Lespedeza stipulacea to low-quality sites and the relation 
of these STjecies to other soil-conserving lespedezas has been described 
in. detail by Pieters (70) (71) (72) (73), v/ho was the leading investigator of 
lespedeza in the United States. 
Figure 19 shows ths differences in volume growth of Lespedeza stipu­
lacea on the three sites. This species, although adapted to di-y sites of 
low calcium-supplying power, responds greatly to moisture and to additions 
of fertilizer and lime. This is evident in figure 19B, which shows the 
grovjth of Lespedeza stipulacea on the Bottomland site in con^arison to 
growth of the same species on the Clinton site (figure 19A) and on the 
Lindley site (figure 19C). 
129. 
A, Lotus oorniculatus, Clinton site 
B. Lotus oorniculatus, Bottomland site 
jis V><MW ililitl'A... 
jisfibb™ 3m| 
1 
|g ffljp 
mwmsw 9hb 
bbbk 
asbmgm 
Lindley site Lotus oorniculatus 
Figure 17. Representative plots of Lotus oorniculatus on the 
experimental legume site, 1940, 
' P. .; ^ >• \^ , ..^ .;•;?>, ;:• -vv^; 
B. Lespedeza serioea. Bottomland site A, Lespedeza serioea, Clinton ait© 
mm£ 
C. Lespedeza serioea, Lindley site 
Figure 18. Representative plots of Lespedeza serioea on the experimental legvnn© sites, 1940. 
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A, Lespedeza stipulacea, Clinton site 
B. Lespedeza stipulacea. Bottomland site 
G"'' R 
C. Lespedeza stipulacea^ Lindley site 
Figure 19. Representative plots of Lespedeza stipulacea on the 
experimental legume sites, 1940, 
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The grovrth of the perennial mixture of Lespedeza sericea« Lotus 
oorniculatus and Trifolium pratense (Expert) on the three sites is illus­
trated in figure 20. Comparison of these pictures with those of figure 
l5Ds 15E and 15F shows the greater amount of growth vihich has been pro­
duced in 1940 than in 1939. Competition within mixtures of these species 
on the lowland site has in many cases resulted in a reduction in the 
amount of Lespedeza sericea remaining in the mixture. This is evident in 
figure 20B, in which only the Lotus and Trifolium are to be seen. Figure 
20A and 20C show the more sparse growth of this species on the Clinton 
and Lindley sites respectively. The bare spots to be seen in these 
pictures are somewhat typical of plots on the two upland sites. Serious 
erosion from such plots does not often occur, however, as the vegetated 
spots prevent much lateral transport of soil particles. 
Figure 21 shows the differential growth of the annual-biennial mix­
ture in its second season on the two sites. Comparison v/ith figure 16A 
shows that increase in these plots as related to growth in 1939 has not 
been so marked as with the perennial species. Site distinctions are 
apparent in the much greater percentage of Cassia fasciculata on the 
Bottomland site (figure 21B) and the relative preponderance of Lespedeza 
stipulacea on the two upland sites. Competition with these species has 
largely eliminated the three sweetclovers* Melilotus alba (Arctic), 
Melilotus officinalis (Zouave) and Melilotus suaveolens (Redfield), on 
the unlimed Clinton site. 
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A, Perennial mixtvire Ko. 1, Clinton site 
B« Perennial mixture No. 1, Bottomland site 
CB Perennial mixture No« 1, Lindley site 
Figure 20. Representative plots of the perennial mixture Ko. 1 of 
Lespedeza serieea, Lotus corniculatus and Trifolium 
pratense (Eppert), 1940, 
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A. Aimual-'biefrmial mixture, Clinton site 
B» Annual-biennial mixture. Bottomland site 
C« Annual-biennial mixture, Lindley site 
Figure 21« Representative plots of the annual-biennial mixtxire of 
Cassia fasolculata, Lespedeza stipulaoea, Melilotus app., 
and Vicia villoBa on the experimental legime sites, 1940, 
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Figure 22 illustrates the typical response of several other species 
to conditions on the Clinton site. The few plants characteristic of many 
plots of Lespedeza latissima are sho-vm in figure 22A. This speoies has a 
slow but strong growth, and is always characterized on the Hillculture 
sites by a deep green color. Figure 22B shows the expected poor growth 
of red clover on sites such as this Clinton area. Figure 22C shows the 
first season response of Coronilla varia in 1940. Plots of this species 
in 1941 made remarkable growth from crowns established in 1940 and were 
among most satisfactory of all plots in plant cover. The tall growth of 
Lespedeza capitata is shown in figure 22D vshich also illustrates the barren 
condition of the soil surface in plots of this species. Lespedeza capi­
ta^ is not suited to soil conservation uses when planted alone, but offers 
possibilities in mixtures. It v/as shovm to be the only leguminous speoies 
used in the grass-legume mixtures which was able to maintain its stand in 
competition with the grasses. This apparently is to be explained in its 
erect stem and deep taproot. 
This series of photographs has illustrated the wide difference in 
response of the experimental legume speoies. The range in soil qualities 
varies from very badly eroded spots in which the ejiposed subsurface soil 
will make it very difficult to establish any but certain pioneer plants 
(85). Norman and Newman (65) have demonstrated that soil collected from 
very similar sites on this same farm has very low microbiological activity, 
which further complicates the problem of revegetation of the most seriously 
denuded areas. 
It appears from the results of the three years of measurements, 
counts and obsearvation that several of the species groTO may be used 
either in pure-stand plantings or in mixtures as cover plants of value in 
A. Lespedeza latiscima Coronilla varia 
trifolium pratense (Eppert) 
Figure 22» Representative plots of Coronilla varia, Lespedeza capitata, Lospedoza latissima and 
Trifolium prat ens e (Epp ertTT^lint OT E it e, 1940 » ~ 
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hillculture strips. Of these, Lotus corniculatusji Lespedeza serioea» and 
Coronilla varia of the perennials, and Lespedeza stipulacea. Cassia fasoi-
oulata and Strophostyles helvola of ths annuals are most to be recommended 
for a variety of site qualities on the basis of findings in these 
experiments. 
138-
COICLUSIONS 
1» Great variation in establishment ajid growth in response to soil and 
raioroclimate was shoiim to oxist among 25 leguminous species grown in ran­
domized plots on (a) an upland eroded area of Clinton silt loani» unlimed 
and unfertilized, and of generally southeastward e:qaosure» (b) a nearly 
level» uneroded stream terrace site of an immature alluvium inritiioh had re­
ceived both lime and fertilizer, and (c) an upland eroded area of Lindley 
loam, limed and fertilized, and of generally southeast-ward e^qposure. 
corniculatusii Lespedeaa sericea and Coronilla varla of the 
perennial species and Lespedeza stipulaoea. Strophostyles hel'rola and 
Cassia fasoiculata of the annual species were discovered to be best 
adapted to the soil and climatic range found in the three habitats. 
3» Certain other species, including Lespedeza capitata, Lespedeza 
virginica, Dssmodium canadeaise and Desmodium pemiculatum have possibili­
ties of use in legume, or grass-legume mixtures, but planted alone do not 
afford sufficient protection against soil and water loss. 
4« It -was not possible to correlate depth of topsoil significantly 
either with chemical soil properties or vdth plant response, except in 
the worst eroded areas. 
5. Tiater-stable aggregation ms better on the Bottomland than on 
either of the upland sites. The average "coefficient of aggregation" for 
the Bottoialand site isas 250, for the Lindl^ site 203 and for the Clinton 
site 167. Differences in aggregation were clearly shovm in the percentage 
of aggregates greater than 1 itnn in diameter, in -which the highest per­
centage on the Clinton site was 4.5, as ooispared with a range of from 
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8.1 to 26«4 percent on the Bottomland site and from 8.8 to 17.5 peroeaat 
on the Lindlc^ site. 
6. Site comparisons of pore space wore not ja&de. On the Clinton sits 
alone, poor conditions of air and \rater relations were sbovm in that total 
pore space in 10 well-distributed plots ranged from 45»9 to 57.8 percenti 
capillary pore spaca froa 33.9 to 41.4 percent and noa-capillary pore-
spac© from only 12.0 to 20.2. 
7. 'Total soil Moisture detexTainations in 1939 and lyjO shoired thg 
Bottomland site to be consistently higher at the 48 to 72 inch depth and 
usually at the 36 to 48 inch levels bat generally sojsswhat lower in the 
0 to 36 inch layer. However, soil moisture site diffsrmcQs on tho basis 
of availability of water as determined by permnent wilting percentage 
and 23M>isture equiTalent analysea indicated that the Bottomland had the 
host soil •vjater relations and the Lindlsy site the poorest with the Clinton 
site intermediate. 
8. Surface soils of the Idndley site were below the wilting point for 
an extended period in early auturan of 1939 and for a short period in JiJly» 
1940. Surface soil of the Clinton sits Tfas below the tvilting point once 
during July of 1939, but moisture contents bslow this point were not 
recorded for the Clinton site in 1940. 
9. Average total soil sjoisture for the two upland sites was much 
greater in 1940 thsn in 1959, although precipitation was generally less 
in 1940 than in 1939. This moisture improvomsnt was believed to bo the 
result of furrowing and of greater vegetative cover in 1940 than in 1939. 
10. Certain soil chssaical properties believed to be of signifieance to 
growth were measured in composited samples at the 0 to 6 and 6 to 18 inch 
depths from 11 scuajsling blocks on the Clinton sitsi 8 blocks on tiie 
Bottomland site and 8 blocks on the Lindley site. These included percentage 
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carbon and percentage nitrogen* as measures of organic matter content; 
total base exchange capacity, total exchangeable bases and exchangeable 
calcium; end pH. A"fertility index" based on an average of weighted 
values of these properties and of percentage base saturation was used as 
an. integrated measure of soil productivity. 
11* Organic matter, as measured by percent carbon and nitrogen, •was 
shovin to be generally higher on the Bottomland, particularly at the 6 to 
18 inch depth, thsm on the Lindley and Clinton sites. This difference 
was partially offset, however, by the surface deposit of eroded loaterial 
on part of the Bottomland site. 
12* Base exchange qualities were generally more favorable on the 
Bottomland and Lindl^ sites, chiefly because of previous liming and 
fertilizer treatments. The Clinton site -was sho-jm to have higher base-
exchange capacity, but its fertility level was lower because neither lime 
nor fertilizer had been applied to its soil in recent years. 
13. The Bottomland end Lindley sites had the highest pH values in 
the surface layer» as 7/ould be e^tpected because of the previous liming 
treatment. pH differed little between the upland sites at the lovfcr depth. 
Exchangeable calcium ms highest in the Lindl^ site, ranging 
from 5.65 to 11.72 mg.e. in the 0 to 6 inch layer and from 3.78 to 9.54 
mg.e . in the 6 to 18 inch layer. The range in values for exchangeable 
calcium in the Bottomland site vjas from 5.16 to 9.73 mg.e. in the surface 
layer and from 5.68 to 9.73 mg.e. in the 6 to 18 inch layer. 
15. Attempts to show statistically significant correlation between, 
the soil chemical properties and the differential response of the indi­
vidual leguminous species Lespedeza sericea, Lespedeza stipulaoea, and 
Trifolium pratense (Eppert) were not successful. Soil chemical properties 
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also were not correlated significantly with an annual-biennial legume 
mixture nor with a perennial legume mixture. Some of the correlations 
rather closely approached statistical significance, however, as for 
example between Lespedeza serioea and soil nitrogen. 
16. Highly significant correlations at the 0 to 6 inch depth between 
plant TO lume growth and percent soil carbon, percent soil nitrogen, ex­
changeable caloiT.ua and total exchangeable bases were shown by an average 
species "productivity rating" which was weighted to overcome species dif­
ferences in magnitude of growth. Negative but non-si^ificant correlations 
with pH and percentage base saturation were found at this depth. 
17. Exchangeable calcium uas the only soil chemical property found to 
be significantly correlated with average species response in volume growth 
at the 6 to 18 inch soil depth. 
18» Study of microclimatic differences between the three experimental 
legume sites in 1941 showed the following relationsi 
a. The Clinton site was highest of the three sites in minimum air tenpera-
ture, and intermediate in relative humidity, evaporation and maximum 
air ten5>erature. 
b. The Bottomland site ms highest in relative huiaidity and lowest in 
evaporation, maximum air temperature, and minimum air temperature. 
c. The Lindley site was highest in evaporation and maximum air tempera­
ture, intermediate in minimum air temperature, and lowest in relative 
humidity. 
d. Wind velocity was higher on the Clinton than on the Lindley site. 
Wind was not measured on the Bottomland site in 1941, but had been 
shown in 1940 to be lower than on the Clinton site. 
e. Meximum soil temperature differences were variable, being highest on 
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the Clinton site in early summer(June 29 to August 7) and highest on 
the Lindley site in late s?.iiamer (August 8 to September 4). The Bottom­
land site usually -was intermediate in this measurement. 
19• It is presumed that the same relative differences between sites 
in air temperature, relative humidity, evaporation and wind f/ere effec­
tive in 1939 and 1940, although microclimatic data were not taken in 
these years. 
20. Site differences betv^een the Clinton and Lindley site during the 
most severe week of growing conditions in 1941, July 25 to July 31» showed 
the Lindley site to have an average daily majcimum air temperature 3.4°P. 
higher than did the Clinton, and an average daily porous cup evaporation 
of 55.4 cc. in comparison to 45.4 cc. on the Clinton site. 
21« Departures from normal of mean monthly climatic factors during 
1939, 1940 and 1941 were great. Except for August, 1939, the critical 
months of July and August of all three years -were deficient in precipita­
tion. June precipitation was also subnormal in 1940 and 1941, and 
September and October rainfall was subnormal in both 1939 and 1940. 
22. Except for September, 1940, mean monthly temperatures of the 
months June, July, August and September, during all three years, 1939, 
1940 and 1941, were above normal. July 1939 averaged 3 degrees above 
normal, July 1940 6.4 degrees above normal and August 1941 3.6 degrees 
above normal. 
23. Almost all species planted with a nurse crop of rye in the spring 
of 1939 showed a great decrease in nmbers and lolume growth in comparison 
to plants in other plots grown without the nurse crop. This effect was 
still evident at the close of the growing season, although the competing 
rye plants had been weeded out in early summer, when their injurious 
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effeot was observed. 
24» A representative plot of Lotus comiculatus on the acid, in­
fertile Clinton site showed a dry-matter yield of 1.6 tons on an acre 
basis, in comparison to 0.2 tons mth Trifoliug pratense (Expert), 0.9 
tons with Vicia villosa, 1.7 tons with an annual biennial mixture of 
Cassia fasciculgta, Lespedeza stipulacea, Melilotus spp. and Vicia vil­
losa, and 2.4 tons with a perennial mixture composed of Lespedeza sericea, 
Lotus comiculatus and Trifolium pratense. 
25» No consistent reduction in the ratio of shoots to roots was ob­
served with thirteen leguminous species and tir^'o legume mixtures on the 
upland sites in which lower fertility and lov/er available moisture were 
to be found in comparison with the Bottomland site. 
26. Lespedeza sericea and Lespedeza latissima showed poor winter-
hardiness under the conditions of the experiment. 
27. All species which were at the end of their first season of growth 
in 1940 suffered serious frost-heaving injury during the Td.nter of 1940» 
vrith the exception of Lotus co miculatus on the Bottoialand site. 
28. Plants growing on the upland Clinton and Lindley sites v/ere not 
shovm to have a consistently higher percentage of dry matter than plants 
growing on the less xeric Bottomland site. t 
29. Analysis for calcium and phosphorus content in random collec­
tions of Lespedeza sericea, Lespedeza stipulacea, Lotus comiculatus, 
Melilotus alba (Alpha) and Trifolixim pratense (^pert) showed the following 
relationss 
a. Calcium content of all species increased with increasing exchangeable 
calcium in the soil. 
b. Phosphorus content of all species increased with increasing exchangeable 
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soil calcium. 
The decrease in calcium in the plant body with decrease in exchange­
able calcium was smaller with the "acid-tolerant" speciesp especially 
lotus oomiculatust than vdth sweetclover and red clover. 
The decrease in plant phosphorus content with decrease in exchange­
able soil calcium was greater in red clover than xvith the other species. 
Increased absorption of calcium and phosphorus* as measured by the 
plant content of these elements, ms associated mth greater relative 
development in plant green weight, thus reducing the percentage of 
calcium and phosphorus on the green weight basis as con^jared to the 
dry weight basis. " 
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SmfflARY 
1. Twenty-five species of Leguminosae, planted in randomized repli­
cations on three southern Iowa sites which were distinct in soil typ®8 
and prOTious treatment and which differed somewhat also in mioroclimate, 
were studied in 1939, 1940 and 1941 for variations in response to habitat. 
2. The experimental species included selected strains of several 
crop plants and certain other native and introduced plants which were 
considered to be of promise in soil conservation and improvement. 
3. Two of the sites were upland areas of nearly equal elevation* 
both of which had southeast exposure, and were otherwise congarable ex­
cept for soil. The third was a nearly level lowland site whose lower 
elevation was presumed to be its only major cause of microclimatic dif­
ference. The three sites were separated by a maximxun distance of about 
660 yards. 
4. In soil factors, two of the sites were higher in general fertility 
levels and in pH than the other because of previous liming and fertilizer 
treatments not given the third site. The only major soil property in 
which the unlimed site ms considered more favorable to plant growth than 
the other sites was its greater availabili-ty of soil moisture. 
5. In microclimate, the three sites differed chiefly in atmospheric 
moisture, the distinction in other climatic factors being less great. 
Maximum air temperature, minimum air temperature, maximum soil tempera­
ture, relative humidity and wind velocity also were measured. The upland 
limed site v/as most xeric and had the highest mean air teiqjerature. 
6. Best average growth response of plants was obtained in the lowland 
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site» poorest on the upland limed site and intermediate on the upland 
unlimed site. Rank in growth response was in the same order as v?as the 
presumed microcliiaatio favorability of the sites* but contrary to the 
general fertility levels of the upland sites, in which® except for soil 
moisture, the limed site was more favorable than the unlimed. 
7. Highly significant correlations were shown within sites between 
average plant growth response and soil organic matter as measured by 
carbon and nitrogen contents, as well as between plant growth and ex­
changeable calcium and total exchangeable bases. Negative but non­
significant correlations between average plant growth and pH and percent­
age base saturation were found. 
8. Of the experimental species, Lotus eorniculatus was shown to be 
best adapted to the wide range of soil and climatic conditions foimd in 
the three habitats. Its excellent response was partially attributed to 
its marked ability to absorb and utilize calcium and phosphorus from the 
low-quality soils. 
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